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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a method for adjusting an amount of discharge to equalize amounts of dis- 
charges from a plurality of liquid discharge units, an ink jet apparatus for discharging ink droplets from the ink discharge 
nozzles, and a method for driving an Inkjet head used for the ink jet apparatus. More particularly, the invention relates 
10 to a method for driving an ink jet head provided with a plurality of heat generating elements for use of bubble creation, 
each in the ink liquid path corresponding to each of the ink discharge nozzles, for discharging ink by the creation of 
bubbles by the application of heat. The invention also relates to an ink jet apparatus using such ink jet head. 

Related Background Art 

15 

[0002] The ink jet apparatus is well known as one mode of a recording apparatus, such as a printer, a copying 
machine. Of the apparatuses, the ink jet recording apparatus or a method, whereby to create bubbles by causing 
thermal energy to act upon ink or other liquid, and to discharge ink from the ink discharge ports to fly it by means of 
the acting force following the creation of bubbles, has been getting more popular rapidly in recent years. As another 
20 use of the ink jet apparatus using a method of the kind, an ink jet textile printing apparatus is also getting known. This 
apparatus prints specific patterns, designs, synthetic images, or the like on cloths. 

[0003] For the conventional ink jet apparatuses including the ink jet textile printing apparatus, there are some cases 
where the amount of discharge may vary due to changes in temperature, or when a plurality of ink discharge nozzles 
are used for discharging ink, the amount of discharge varies between discharge nozzles, and an uneven recording (an 
25 uneven printing) may take place. Several methods have been proposed and practically in use for the suppression of 
the uneven recording that may be caused by changes in temperature and the variation of discharge amount between 
discharge nozzles. 

[0004] Now, among ink jet recording apparatuses, the one, which is provided with heat generating elements for the 
creation of bubbles by means of heat generated by such elements, and which discharges ink by such creation of 

30 bubbles, tends to allow part of thermal energy applied to the creation of bubbles to cause the temperature of the ink 
jet head (discharge head) to rise. As a result, the amount of discharge may vary due to the resultant rise of environmental 
temperature, and the temperature of the head itself as well. This variation of discharge amount is brought about by 
changes in ink viscosity, and also, changes in the facility of bubble creation caused by changes in the temperature of 
ink. Consequently, for example, the head temperature increases as the recording operation progresses, thus leading 

35 to the varied amount of discharges. Then, a problem is encountered that the quality of images changes. In this respect, 
therefore, a proposal has been made to enable an Inkjet apparatus of the kind to control not only the discharge amounts 
by adjusting over all temperatures, but also, to devise a method for utilizing thermal energy more effectively for the 
creation of bubbles. 

[0005] When electrothermal transducing elements are used as heat generating elements, the width of applied pulses 
40 is changed for the creation of bubbles or before the application of main pulses for bubble creation, a pre-pulse is applied 
in the temporal width that is not intensive enough to create any bubbles, and then, the discharge amount is controlled 
by changing the width of the pre-pulse, and the quiescent time between the pre-pulse and the main pulse. Also, a 
proposal has been made to adopt a control of the discharge amount of the kind for the suppression of the variation per 
discharge nozzle. 

45 [0006] However, in accordance with the conventional method for controlling the discharge amount described above, 
the changeable range of the discharge amount is not large enough, and if the rate of printing duty is continuously high, 
the temperature of ink jet head is caused to rise considerably. Therefore, it becomes necessary to secure a sufficient 
margin for the discharge nozzles to execute control to suppress the variation of discharge amount. This marginal 
arrangement automatically restricts the effective use of those proposed methods, and even makes it difficult in some 

so cases to control the variation of discharge amount caused by changes in temperature and the variation between dis- 
charge nozzles sufficiently. 

[0007] EP-A-0551013 describes a method of driving a full-line ink jet printing head in which the head is divided 
logically into blocks. The number of nozzles constituting a block and the time interval between the addressing of the 
various blocks are varied in accordance with the data to be printed. 
55 [0008] EP-A-07091 92 relates to a method of correcting for undesirable variations between nozzles in the amount of 
ink ejected which arise from dimensional and other tolerances associated with the manufacture of an ink-jet printing 
head. A test pattern is printed and then read by a camera. Correction data are derived and used to modify the double- 
pulse current waveforms which drive the heaters associated with the individual nozzles. 
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[0009] EP-A-0694392 describes a method of maintaining an ink-jet printing head at optimal operating temperature. 
Sensors measure the temperature of the head directly, and the double-pulse current waveform is adjusted in order to 
achieve the target temperature. 

[0010] It is an object of the present invention to provide a new method for adjusting an amount of discharge to equalize 
5 the discharge amounts between a plurality of liquid discharge units, and at the same time, to provide an ink jet apparatus 
provided with electrothermal transducing elements as heat generating elements to create bubbles for discharging, 
which is capable of securing a sufficiently wide controllable range for controlling the discharge amount constantly even 
when one or both of variations of the discharge amount are great due to the variation of discharge amount caused by 
changes in temperature of ink and head or caused by the individual difference of a particular discharge nozzle or the 
10 nozzle group. It is also the object of the invention to provide a method for driving the ink jet head for such ink jet 
apparatus. 

SUMMARY OF THE INVENTION 

15 [001 1] In one aspect, the present invention provides a method for adjusting the amount of liquid discharged from the 
outlet of each of a plurality of liquid paths each having a plurality of individually drivable electrothermal transducing 
elements for generating heat to create a bubble to cause liquid to be discharged from the corresponding outlet, the 
method comprising the step of: causing discharge of liquid from an outlet by supplying individual driving signals to each 
of the plurality of electrothermal transducing elements in the corresponding liquid path; characterised in that the method 

20 further includes the step of controlling the relative timings of starting the supply of the driving signals to the electro- 
thermal transducing elements of that liquid path, to make similar amounts of liquid discharge from the outlets of each 
of the plurality of liquid paths. 

[0012] In another aspect, the present invention provides an ink-jet apparatus provided with an ink-jet head provided 
with plural nozzles each having a plurality of individually drivable electrothermal transducing elements for generating 

25 heat to create a bubble to cause ink discharge, the apparatus comprising: temperature detection means for detecting 
temperatures of said ink-jet head; data storing means forstoring correction data to correct any variation in the discharge 
amount between discharge nozzles or between discharge nozzle groups; driving means for applying driving signals In 
accordance with recording data, each driving signal being formed by a main pulse to enable the electrothermal trans- 
ducing elements to generate thermal energy per discharge nozzle for the creation of a bubble, a heating pre-pulse 

30 preceding the main pulse, the pre-pulse not being intensive enough to create any bubbles, and a quiescent time be- 
tween the main pulse and the pre-pulse; and characterised by: controlling means for performing a first control to change 
the conditions of said pre-pulse application in accordance with the data stored in the data storing means, and also for 
performing a second control to shift the relative timings of starting the supply of the main pulses to the electrothermal 
transducing elements associated with a discharge nozzles. 

35 [0013] With the provision of a plurality of electrothermal transducing elements for the creation of bubbles in each 
liquid path for each nozzle that comprises the discharge port and the liquid path connected therewith (typically, an ink 
path), it is possible to shift the timing of the bubble creation on each of the electrothermal transducing elements by 
shifting the application timing of the main pulses to be applied to these electrothermal transducing elements for the 
creation of bubbles, that is, at least one kind of time differential x is set with respect to the application timing of the 

40 main pulses to such plurality of electrothermal transducing elements. In this, way, the timing of bubble creation on each 
of the electrothermal transducing elements is allowed to shift, hence making it possible to change the discharge amount 
of each discharge port. More specifically, if the main pulses are applied at one time (that is, the time differential x is set 
at 0), the discharge amount becomes maximum as described later, and the larger the time differential x when applying 
the main pulses to each of the electrothermal transducing elements, the more is the discharge amount reduced. Here, 

45 for the present invention, using this time differential x is intended to control the discharge amount for the stabilization 
thereof. In this way, the discharge amounts are equalized between a plurality of liquid discharge units or between 
discharge nozzles. 

[0014] Particularly, for the discharge amount control with respect to an ink jet head, the pre-pulse control and the 
control by means of the time differential x are combined for use, and typically, one of these controls is applied to 

50 suppressing the variation of discharge amount caused by changes in the temperature of ink, and the other one of them 
is applied to suppressing the variation of discharge amount caused by the individual difference between discharge 
nozzles (discharge nozzle groups). In this way, even if either one or both of the variation of ink temperature and the 
individual difference between discharge nozzles (discharge nozzle groups) are so large that a sufficiently controllable 
range cannot be obtained just by either one of them, it becomes possible to secure a wide controllable range by the 

55 combined use of both of them. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0015] 

5 Fig. 1 is a perspective view which shows an ink jet recording apparatus in accordance with one embodiment of 

the present invention. 

Fig. 2 is a block diagram which shows the structure of the principle control of the ink jet apparatus represented in 
Fig. 1. 

Fig. 3 is a cross-sectional view which shows the ink jet head and the ink cartridge used for the ink jet apparatus 
10 represented in Fig. 1. 

Figs. 4A and 4B are cross-sectional views showing one structural example of an ink jet head used for each of the 
embodiments in accordance with the present invention. 

Fig. 5 is a graph which shows one example of the relationship between the time differentia! x and the discharge 
amount V d . 

15 Fig. 6 is a view which shows the wave form that controls the pre-pulse for changing the temporal widths of off time. 

Fig. 7 is a view which shows the wave form that controls the pre-pulse for changing the lengths of off time. 
Fig. 8 is a graph which illustrates the discharge amount control with respectto the head temperatures in accordance 
with the first embodiment of the present invention. 

Figs. 9A and 9B are views showing the wave forms which illustrate the time differential x. 
20 Fig. 1 0 is a view showing the wave forms which Illustrate the time differential x. 

Fig. 1 1 is a flowchart which illustrate the discharge amount control in accordance with the first embodiment of the 
present invention. 

Fig. 12 is a perspective view which shows an elongated head. 

Fig. 13 is a perspective view which shows a head capable of using various kinds of ink. 
25 Fig. 14 is a perspective view which shows a high resolution head. 

Fig. 15 is a perspective view which shows an ink jet head using independently sectional heads. 
Fig. 16 is a graph which illustrates the discharge amount control corresponding to the head temperatures in ac- 
cordance with a third embodiment of the present invention. 

Fig. 17 is a flow chart which illustrates the discharge amount control in accordance with a fifth embodiment of the 
30 present invention. 

Fig. 18 is a view which shows both the relationship between the discharged amount V d of a droplet and the dis- 
charging speed v, and the relationship between the product of the discharge port area S G and the distance OH 
from the discharge port to the leading end of the heater, and the distance OH. 

Fig. 1 9 is a view which shows the relationship between the result obtained by dividing the discharging speed v by 
35 the discharged amount V d , and the distance OH. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] Hereinafter, with reference to the accompanying drawings, the description will be made of the embodiments 
40 in accordance with the present invention. 



(First Embodiment) 

[0017] Fig. 1 is a perspective view which shows a printer (an ink jet recording apparatus) serving as an ink jet ap- 

45 paratus in accordance with a first embodiment of the present invention. 

[0018] On the upper front of the housing of the printer 101, an operation panel 102 is arranged. Also, on the front 
aperture of the housing of the printer 1 01 , a sheet feeding cassette 1 03 is mounted. A sheet 1 04 serving as a recording 
medium is supplied from this sheet feeding cassette 103, and exhausted to an exhausted sheet tray 105 through the 
sheet carrier path in the printer 1 01 . Also, on the portion of the printer 1 01 on the right-hand side in Fig. 1 , an apparatus 

50 cover 106 is arranged, having the sectional shape thereof being in the L-letter form. The apparatus cover 106 is ar- 
ranged to cover the aperture 1 07 formed on the right front portion of the printer 1 01 , and rotatively fixed to the inner 
end of the aperture 107 by means of a hinge 108. Also, inside the housing, there is arranged a carriage 110 supported 
by a guide or the like (not shown). The carriage 11 0 is arranged to be able to reciprocate in the width direction of the 
sheet 1 04 (hereinafter referred to as the main scanning direction), which is being carried through the sheet carrier path 

55 described above. 

[0019] The carriage 110 of the present embodiment comprises briefly a stage 110a horizontally supported by the 
guide or the like; an aperture (not shown) arranged behind and on the stage 110a through which an ink jet head is 
mounted; a cartridge garage 110b housing each of color ink cartridges 3Y, 3M, 3C and 3Bk, which are detachably 
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mounted on the stage 1 1 0a through the aforesaid aperture; and a cartridge holder 1 1 0c arranged to be open and closed 
with respect to the cartridge garage 110b, and to prevent the ink cartridges thus housed from falling off. The ink car- 
tridges 3Y, 3M, 3C and 3Bk retain each of the corresponding color ink to be supplied to each of the ink jet heads to be 
described later. 

5 [0020] The stage 110a is slidably supported by the guide on its rear portion, and at the same time, the lower front 
end side thereof is arranged to slidably engage with a guide plate (not shown). Here, this guide plate may be the one 
that functions as a sheet pressure member to prevent the sheet 1 04 from floating while it is being carried on the sheet 
carrier path described above or may be the one that functions to hold the stage in a cantilever fashion with respect to 
the guide depending on the thickness of a sheet. 

10 [0021] On the aperture of the stage 110a, each ink jet head (not shown in Fig. 1) is mounted on it with the ink discharge 
ports being directed downwardly. Here, each of the Inkjet heads is provided corresponding to each color ink. 
[0022] The cartridge garage 11 0b is provided with the penetrating aperture in the depth direction to house the four 
ink cartridges 3Y f 3M, 3C and 3Bk at a time, and on both sides of the outer side thereof, a coupling recess is formed 
to allow each of the coupling nails of the cartridge holder 110c to engage with such recess, respectively. 

15 [0023] On the front end of the stage 1 1 0a, the cartridge holder 1 1 0c is relatively fixed by means of a hinge 1 1 6. The 
dimension from the front end of the garage 1 1 0b to the hinge 1 1 6 is determined in consideration of the dimension and 
others of the protruded portion from the front end of the garage 1 1 0b when the ink cartridges 3Y, 3M, 3C and 3Bk are 
housed in the garage 110b. The cartridge holder 110c is in the form of a flat plate shaped almost in rectangle. On the 
cartridge holder 110c, a pair of coupling nails 11 Oe are arranged on the upper portions of both sides of the holder, 

20 which are away from its lower part fixed by means of the hinge 116. The nails protrude in the direction orthogonal to 
the plate surface, and also, engage with the coupling recesses 110d of the garage 110b when the cartridge holder 
1 1 0c is closed. Further, on the cartridge holder 1 1 0c, a fitting hole 1 20 is formed on its plate portion so as to allow each 
of the gripping portions of the ink cartridges 3Y, 3M, 3C and 3Bk to be fitted into the hole. The fitting hole 120 is 
positioned, configured, and sized corresponding to the gripping portions described above. 

25 [0024] Fig. 2 is a block diagram showing the structural example of the control systems of the ink jet printer described 
above. 

[0025] Here, a controller 200 is the main control unit of the printer, which comprises a CPU 201 in the mode of 
microcomputer, for example, to execute various modes, which will be described later; a ROM 203 that stores programs 
and tables corresponding to the various execution sequences thereof, voltage of heat pulses, pulse widths, and other 
30 fjxed data; and a RAM 205 having a region for the development of image data, working area, and others thereon. The 
controller 200 transmits and receives image data, other commands, status signals, or the like to and from an external 
host device (the device may be the reader unit that reads images) 210 serving as the supply source of image data 
through an interface (l/F) 212. 

[0026] The operation panel 1 02 is provided with a group of switches for the operator to input instructions, such as a 
35 mode selection switch 220 for selecting various modes to be described later; a power-supply switch 222; a printing 
switch 224 to issue command on print-start; and a recovery switch 226 to issue command on the discharge recovery 
process, among some others. Also, in the printer 1 01 , there are arranged sensors for detecting the current status of 
the apparatus as a sensor group 230, such as a carriage position sensor 232 to detect the home position, starting 
position, and others with respect to the carriage 1 1 0 (see Fig. 1 ); and a pump position sensor 234 that includes a leaf 
40 switch for use of detecting the pump positions. Here, the controller 200 receives the inputted instructions from the 
operation panel 102, and the detection results from the sensor group 230 as well. 

[0027] In accordance with the present embodiment, color ink of yellow, magenta, cyan, and black are stored in the 
ink cartridges 3Y, 3M, 3C and 3Bk, respectively. These four colors of ink are supplied to the ink jet heads 2Y, 2M, 2C 
and 2Bk, respectively. Then, these are discharged onto a recording medium (paper sheet 204) from the ink jet heads 

45 2Y, 2M, 2C and 2Bk in accordance with recording data. In order to drive the ink jet heads 2Y, 2M, 2C and 2Bk, a head 
driver 240 is provided. The head driver 240 drives electrothermal transducing elements (heaters) in each of the ink jet 
heads 2Y, 2M, 2C and 2Bk in accordance with the recording data and others from the controller 200. At the same time, 
the head driver is used for driving temperature heaters 30A and 30B for adjusting the temperatures of ink jet heads 
2Y, 2M, 2C and 2Bk, respectively. 

so [0028] In accordance with the present embodiment, each of the ink jet heads 2Y, 2M, 2C and 2Bk for use of each 
color is structured on a chip element C by forming a plurality of discharge nozzles as described later. At the same time, 
the structure is made to arrange on the chip element C, the temperature heaters 30A and 30B for adjusting the tem- 
perature of each ink jet head; a memory 25 provided for the head to store information on difference in individual elements 
between discharge nozzles; and temperature sensors 20A and 20B for detecting head temperatures. Here, also, the 

55 controller 200 receives the detected values of temperatures from the temperature sensors 20A and 20B and data read 
out from the memory 25 on the head. The values of temperatures detected by the temperature sensors 20A and 20B 
are those of each head. However, it is safe to consider that these head temperatures indicate ink temperatures in each 
ink flow path substantially. 
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[0029] Further, this printer is provided with a main scanning motor 250 to enable the carriage 110 to travel in the 
main scanning direction; a sub-scanning motor 260 to carry a paper sheet 104 (see Fig. 1) serving as a recording 
medium in the sub-scanning direction, which is orthogonal to the main scanning direction; and motor drivers 252 and 
254 to drive these motors 250 and 260. 

5 [0030] Fig. 3 is a cross-sectional view which shows the ink cartridge 3 (ink cartridges 3Y, 3M, 3C and 3Bk) used for 
the ink jet printer described above, and the ink jet head 2 (ink jet heads 2Y, 2M, 2C and 2Bk) in a state of being connected. 
[0031] Each ink cartridge 3 is provided with a chamber 53 for a negative pressure generating member, having an 
ink absorbent 52 filled in it; and an ink retaining chamber 56, having no ink absorbent in it. In the initial state, ink is 
retained in both of these two chambers. Then, along the ink discharges from each ink jet head 2 or the like, ink retained 

10 in the ink retaining chamber 56 is consumed first. 

[0032] Each of the ink jet heads 2 is provided with electrothermal transducing elements (heaters) to generate thermal 
energy utilized for discharging, each two of which are arranged for each of ink paths 42 corresponding to a plurality of 
ink discharge ports 43, and discharges ink supplied from each of the ink cartridges 3 through the corresponding con- 
necting tube 4. 

15 [0033] Figs. 4A and 4B are cross-sectional views which schematically illustrate the structural example of such ink 
jet head 2, respectively. On the bottom of each ink path 42, two electrothermal transducing elements 45 and 46 are 
arranged as described above. As shown in Fig. 4A, the surface shape of the electrothermal transducing elements 45 
and 46 is substantially rectangular. These elements are arranged in line in the direction orthogonal to the direction of 
ink flow in the ink path 42 (in the longitudinal direction of the ink path 42) in a broad way. Two electrothermal transducing 

20 elements 45 and 46 shown in Fig. 4B are also arranged in line side by side as in Fig. 4A, but in a staggered state if 
observed precisely, that is, a shift is arranged between them in the direction of the ink flow. For the present invention, 
a plurality of electrothermal transducing elements (typically, two of them) may be arranged side by side accurately as 
shown in Fig. 4A or may be arranged side by side but with a shift in the direction of ink flow within a range of the length 
of the electrothermal transducing element as shown in Fig. 4B. 

25 [0034] Fundamentally, the electrothermal transducing elements 45 and 46 function satisfactorily irrespective of 
whether these are arranged as in Fig. 4A or as in Fig. 4B unless otherwise specified in the description given below. 
[0035] For the present embodiment, the surface area of the two electrothermal transducing elements 45 and 46 may 
be the same or different. In this respect, the length of each of the electrothermal transducing elements 45 and 46 is 
fundamentally the same in the longitudinal direction of the ink path 42. If the surface areas should be made different, 

30 it may be possible to make the widths (each length in the direction orthogonal to the longitudinal direction of the Ink 
path 42) different from each other. The wire electrodes and others (not shown) of the head driver 240 (see Fig. 1 ) are 
arranged so that each of the electrothermal transducing elements 45 and 46 can be driven separately and individually 
or simultaneously. On the leading end (left-hand side in Figs. 4A and 4B) of each ink path 42, a discharge port 43 is open. 
[0036] in accordance with the present embodiment, the unit structure of each discharge port, which comprises the 

35 electrothermal transducing elements 45 and 46, the discharge port 43, the ink path 42, and others, is arranged on one 
chip element in the density of 720 dpi (720 pieces per 25.4 mm), for example, in a specific number for the ink jet head 
2. Each of the ink paths 42 is separated from each other by means of the liquid path wall 44. Then, on the end portion 
of each ink path 42, opposite to the discharge port 43 side, is connected with a common liquid chamber (not shown) 
shared by each of the ink paths 42 for use. Through this common liquid chamber, ink is supplied to each of the ink 

40 paths 42. Here, the aperture area of discharge port 43 and each of the electrothermal transducing elements 45 and 
46 per unit are the same to each other between discharge port units. 

[0037] Now, the description will be made of the recording operation by the ink jet head 2 structured as described 
above. 

[0038] When the ink path 42 is filled with ink, electric pulse of a certain temporal width or more is applied to at least 
45 one of the electrothermal transducing elements 45 and 46 as driving signal. Then, the electrothermal transducing 
element thus energized generates heat. With this heat, a bubble is created in part of ink (foaming). By the acting force 
exerted by this foaming, part of ink residing on the discharge port 43 side of the electrothermal transducing element 
is discharged from the discharge port 43 to fly in the direction toward the left-hand side in Figs. 4A and 4B. After that, 
then, when the bubble created on the electrothermal transducing element disappears by defoaming, ink is supplied 
so from' the common liquid chamber (not shown) arranged in the right-hand side in Figs. 4A and 4B into the ink path 42 
by means of capillary phenomenon. At this juncture, it is preferable to make an arrangement so that film boiling phe- 
nomenon is generated on the surface of the electrothermal transducing element. The voltage and temporal width of 
pulse are selected to make the generation of such film boiling phenomenon possible. 

[0039] Now, the objective of the present invention is to make the amount of ink droplets constant when the droplets 
55 are discharged from each discharge port in accordance with the recording data even if the variation of the discharge 
amounts is large due to the variation of discharge amounts caused by changes in the temperature of ink or head, and 
also, by the individual difference in discharge nozzles or between the discharge nozzle groups. Therefore, in accord- 
ance with the present embodiment, the following controls are combined in order to control the discharge amount at a 
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constant value: 

1 ) The timing of the main pulses, which form the driving signals, is arranged to shift from each other when applied 
to the two electrothermal transducing elements 45 and 46 provided for each ink path 42. 
5 2) By use of the temperature heaters 30A and 30B described above, each head is heated to a predetermined 

temperature. 

3) Preceding the application of the main pulses, the pre-pulse is produced to be applied at least to one of the 
electrothermal transducing elements 45 and 46, which also forms the driving signal but not intensive enough to 
create any bubbles, and then, the temporal width of such pre-pulse is made changeable. 
io 4) It is arranged to change the interval (off time) between the pre-pulse and main pluses, which form the driving 

signals. 

[0040] Here, the main pulse means the pulse which creates bubbles in each of the ink paths 42 when applied to 
cause ink to be discharged from each discharge port 43 by the acting force exerted by the creation of such bubbles. 
is [0041] Now, hereinafter, the description will be made of the respective techniques of the discharge amount control 
used for the present embodiment. 

[0042] - For the ink jet head 2 described above, two electrothermal transducing elements 45 and 46 are arranged in 
each of the ink paths 42, and the main pulses are applied to both of the electrothermal transducing elements 45 and 
46 for discharging ink droplets. At this juncture, the application timing of the main pulses for both of electrothermal 
20 transducing elements 45 and 46 is arranged to change in an order of micro seconds, for example. Then, it becomes 
possible to change the volume of ink droplets to be discharged from each discharge port 43 even if the temporal width 
and voltage of the main pulses are constant. 

[0043] Fig. 5 is a graph which shows one example of the relationship between the time differential x of the main 
pulses applied to the electrothermal transducing elements 45 and 46, and the discharge amount V d of the discharge 

25 port 43. As clear from this graph, it is possible to obtain the maximum discharge amount by applying the main pulses 
. to the electrothermal transducing elements 45 and 46 almost simultaneously. The larger the time differential between 
main pulses, the more the discharge amount is reduced. Therefore, it is understandable that the discharge amount is 
controllable by controlling the time differential x. If the surface areas of the electrothermal transducing elements 45 and 
46 are the same, the relationship between the time differential t and the discharge amount V d presents symmetry 

30 centering on t = 0 (at the time of the discharge value V d becoming maximum) as far as the observation is made on 
the basis of a measured data obtainable by setting the measurement interval at 0.5 \xs with the time differential x. Also, 
in a case where the positions of the electrothermal transducing elements 45 and 46 shift to each other in the direction 
of ink flow, the discharge amount V d becomes maximum at x = 0, and it also indicates the tendency as represented in 
the graph shown in Fig. 5. For the present embodiment, when ink droplets are discharged from each of the discharge 

35 ports 43 in accordance with the recording data, it is arranged to apply main pulses to both of the electrothermal trans- 
ducing elements 45 and 46, and then, the control of the discharge amount is carried out by changing the time differential 
x. 

[0044] Now, the description will be made of the control of the discharge amount using pre-pulse. Before the main 
pulses (for use of bubble creation) are applied, the pre-pulse whose pulse width is not intensive enough to create any 

40 bubbles is applied to the electrothermal transducing elements 45 and 46. Ink residing in the vicinity of the electrothermal 
transducing elements 45 and 46 in the ink path 42 is then heated to make it easier to create bubbles by the application 
of main pulses which follow. As a result, the discharge amount V d increases when the main pulses are applied. 
[0045] Fig. 6 is a view which shows the temporal relationship between the pre-pulse P1 and the main pulse P2. This 
relationship indicates that the discharge amount is controllable by changing the temporal width of the pre-pulse. Like- 

45 wise, in Fig. 7, it is shown that the discharge amount is controllable by changing the quiescent time between the pre- 
pulse P1 and the main pulse P2, that is, by changing the length of off time between them. Here, changing the width of 
pre-pulse or the length of off time is termed as a PWM control. 

[0046] For the present embodiment, by the combination of the heating by means of the temperature heaters 30A 
and 30B, and the control of discharge amount by the application of pre-pulse, the control of the discharge amount is 

50 implemented with respect to changes in the head temperature. Then, by changing the setting of the time differential x 
described above, correction is made with respect to the variation of discharge amount caused by the individual differ- 
ence between discharge nozzles. For the present embodiment and each of the embodiments to follow, the control of 
the discharge amount is carried out based on the head temperatures. However, since the temperatures of head and 
ink are closely related, the execution of control by means of head temperatures essentially means the control executed 

55 on the basis of the ink temperatures. 

[0047] Fig. 8 is a view which illustrates the control of discharge amount with respect to changes in the head temper- 
ature. Given the target temperature of the temperature adjustment by means of the temperature heaters 30A and 30B 
as T Q , it is assumed that the adjustment of head temperature is executed by heat generated by the temperature heaters 
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30A and 30B within the range up to the temperature T 0 ("temperature control range" indicated in Fig. 8). Also, in Fig. 
8, each of the straight lines designated by numerals (1 ) to (1 1 ) indicates the relationship between the head temperature 
and the discharge amount from the discharge port 43, provided that the pre-pulse condition is constant, and it corre- 
sponds to the pre-pulse condition having a larger discharge amount in order of the smaller number. Here, therefore, 
5 the pre-pulse conditions are switched overto meet the head temperatures in order to keep the variation of the discharge 
amount within a specific width as indicated by thick lines in Fig. 8. More specifically, a table indicating the pre-pulse 
conditions applicable to each specific range of head temperatures is stored on the ROM 203 in the controller 200 of 
the printer or stored in a driver software provided for the operation of this ink jet printer. 

[0048] Now, the description will be made of the correction of the variation of discharge amount between discharge 
10 nozzles. 

[0049] As a method for suppressing the variation of discharge amount caused by the individual difference between 
discharge nozzles, it has been generally in practice for the conventional art that while securing the processing precision 
at the time of manufacture, no particular control is executed to suppress the variation at the time of driving; the head 
is designed to keep its temperature uniformly; or only a simple control of temperatures is executed to obtain a uniform 

15 temperature if any control is carried out at the time of driving. There is also an example in which a pre-pulse control is 
executed to suppress the variation of the discharge amounts between discharge nozzles, but it often fails to carry out 
the control satisfactorily as anticipated, because a load is too heavy in executing the control of discharge amounts with 
respect to changes in temperature. Also, just by means of pre-pulse control, it is intended to cope with such situations 
as being caused by two factors that result in the varied amount of discharge, that is, the one brought about by the 

20 variation between discharge nozzles and the other by changes in temperatures. This makes the intended control ex- 
tremely complicated. 

[0050] Now, for the present embodiment, it is arranged as described above to execute such control as to shift the 
timing of the main pulses P2 applied to the electrothermal transducing elements 45 and 46 between them in order to 
control the variation between the discharge nozzles. As to the pre-pulse P1 , the application is effectuated simultane- 

25 ously in the same pulse width both for the electrothermal transducing elements 45 and 46. Fig. 9A shows an example 
in which the main pulse P2 is applied to one of the electrothermal transducing element 45 preceding the other one of 
them 46 by the time differential x. Fig. 9B shows an example in which the time differentia! is -x, that is, the main pulse 
P2 is applied to the other electrothermal transducing element 46 preceding one of them 45. Further, Fig. 10 shows a 
case where the time differential is x between the main pulses P2 applied to both of the electrothermal transducing 

30 elements 45 and 46, but the pre-pulse P1 is applied only to one of the electrothermal transducing element 45, while 
no pre-pulse is applied to the other one of them 46. Depending on the time differential x between the application timing 
of the main pulses P2, the discharge amount V d changes as shown in Fig. 5 as described earlier. Therefore, by setting 
an appropriate time differential x corresponding to the variation of discharge amount between discharge nozzles, it is 
possible to suppress the variation of discharge amount caused by the individual difference between discharge nozzles. 

35 in this case, while defining the head temperature as the target temperature T when designing the temperature control, 
either the discharge amount per discharge nozzle or the dot diameter on a recording medium provided by discharged 
ink is measured or the time differential x that makes the discharge amount or dot diameter constant is measured, and 
then, a table is prepared to indicate the time differential x per discharge nozzle. This table is stored on the memory 25 
provided for the head. The table 1 shows one example of such table as to indicate the time differential x per discharge 

40 nozzle. 



(TABLE 1) 



Nozzle No. 


1 


2 


3 


4 


5 


6 


7 


8 




Time differential x (p. sec) 


1.5 


1.8 


2.4 


2.1 


3.0 


2.4 


3.4 


2.1 





[0051] When printing, the time differential x per discharge nozzle is read out from the table stored on the memory 
provided for the head of the ink jet head 2, and the application timing of the main pulse is caused to shift between the 
discharge nozzles by the time differential x thus read out. In this way, the variation of discharge amount is suppressed 

so between discharge nozzles. 

[0052] Fig. 1 1 is a flowchart which shows the control procedures at the time of performing such control by means of 
time differential x and also, the control by means of pre-pulse for the temperature control simultaneously. Here, the 
description will be made on the assumption that the head temperature is detected at intervals of 20 ms. At first, the 
time differential x is obtained from the memory 25 on head per discharge nozzle (discharge unit) to set the time differ- 

55 ential x between the main pulses per discharge nozzle (step 151). Then, it is determined whether or not the head 
temperature T h is detected (step 1 52). When the head temperature T h is detected, the detected temperature is assigned 
to the variable T n that represents the head temperature for the present sampling (step 153). The head temperatures 
fTn-3 to T n) of tne Pzs* 4-sampling portion is averaged to make them an averaged head temperature T n (step 154). 
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15 



20 



After that, the target temperature of the temperature control (designed temperature) T Q and the head temperature T n 
are compared (step 155). If the head temperature T n is not up to the target temperature T OI the head Is heated by 
means of the temperature heaters 30A and 30B (step 156). Then, the process returns to the step 152. 
[0053] In the step 1 55, if the result of the comparison is T n > T ol the pre-pulse condition is selected corresponding 
to the head temperature T n from the table that indicates pre-pulse conditions in order to perform the pre-pulse control 
on the basis of temperatures as described above (step 157), and then, the main pulses are applied to each of the 
discharge nozzles of the electrothermal transducing elements 45 and 46 (step 158). At this juncture, the pre-pulse 
condition is set as the one selected in the step 157, and at the same time, the timing of main pulses is caused to shift 
between one of the electrothermal transducing element 45 and the other one of them 46 per discharge nozzle in 
accordance with the time differential x obtained in the step 151 . Then, the time differential x is defined as reference at 
the time of applying the main pulse to the one of the electrothermal transducing element 45, and also, the period of 
the off time for the pre-pulse control is regulated by means of one of the electrothermal transducing element 45. In this 
way, it becomes possible to obtain the compatibility of the off time control and the control using the time differential 
between the application timing of main pulses. 

[0054] When the application of main pulse to each of the electrothermal transducing elements 45 and 46 is completed, 
the T n _ 2 is assigned to the T^ (step 1 59), the T n .., is assigned to the T n _ 2 (step 1 60), and the T n is assigned to the T n _., 
(step 1 61 ) in order to average the head temperatures by adding in the newly measured value of the head temperature, 
and then, the process returns to the step 152. 

[0055] Now, the description has been made of the first embodiment of the present invention. However, instead of 
storing the time differential x itself on the memory 25 provided for the head, it may be possible to classify the time 
differentials x into the ranks of several stages in advance as shown in the table 2, and then, to perform control in 
accordance with the time differential per rank. 



(TABLE 2) 



25 



30 



40 



45 



50 



55 



Nozzle No. 


1 


2 


3 


4 


5 


6 


7 


8 




Rank No. 


2 


3 


2 


5 


4 


3 


4 


2 





[0056] In this case, such a corresponding table of the rank and time differential x as shown in the table 3 is stored 
on the ROM 203 of the controller 200; on the memory 25 provided for the head; or in the driver software used for 
operating the ink jet printer. 

(TABLE 3) 



Rank No. 


1 


2 


3 


4 


5 


6 




Time differential x (u. sec) 


0 


0.4 


0.6 


0.8 


1.0 


1.2 





[0057] Here, the memory 25 on head will be described. As the memory 25 on head, an electronic circuit is arranged 
on the chip element, and it is generally practiced that wires are drawn around in the same manner as to draw wires 
around the electrothermal transducing elements for use of discharge. In this case, the data stored on the memory 25 
provided for the head are read out as electric signals. Besides, the data may be read out by the various ways corre- 
sponding to the adopted methods, such as using a memory storing data magnetically or optically, or storing them in 
the irregular configuration, among some others. 

[0058] In accordance with the embodiment described above, the discharge nozzle groups, which become the objects 
for the correction of variation brought about by the individual difference between discharge nozzles, are not necessarily 
limited to those within one and the same chip element. These objective nozzle groups may be present over a plurality 
of chip elements. On one independent ink jet head, one or plural chip elements are installed, and even when a plurality 
of such ink jet head are used, it is possible to control the variation of discharge amount by means of the method 
described above per discharge nozzle. Moreover, it may be possible to adjust the variation of discharge per chip element 
by means of the application of the time differential x as described earlier. 

[0059] Now, hereinafter, the description will be made of the example of an ink jet head using a plurality of chip 
elements. 

[0060] Fig. 12 shows an elongated head 81 of a fully multiple head where a plurality of chip elements 6 are formed 
in one line in the arrangement direction of discharge nozzle array to provide many numbers of discharge ports 43. 
[0061] Fig. 13 shows a head 82 for use of multiple kinds of ink prepared by arranging a plurality of chip elements 6 
in the direction orthogonal to the direction of discharge nozzle arrays, thus making it possible to use the different chip 
element 6 for each of different kinds of ink, respectively. 

[0062] Fig. 14 shows a high resolution head 83 prepared by stacking a plurality of chip elements 6, each having 
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pitches D between discharge ports 43, in mth number in the scanning direction, and also, by displacing the nozzle 
arrangement in an amount of 6 (= D / n) between adjacent chip elements 6 in the top to bottom direction, thus making 
it possible to record in a high resolution of mn dots per unit length, which is n times the pitches of discharge ports 43. 
Here, the discharge amount of ink droplet 8 discharged from each of the discharge ports 43 is assumed to be an amount 
5 capable of obtaining the dot diameter corresponding to the recording resolution (mn dots per unit length) described 
above. 

[0063] Further, Fig. 1 5 is a head structured by dividing a fully multiple head into a plurality of independently sectional 
heads 84 so that only the independent head 84, which presents malfunctions, such as disabled discharge, twisted 
discharge (that is, ink droplets are twisted when discharged), is replaced. Here, the number of discharge nozzles on 
10 the chip element 6 of each independently sectional head 84, and the number of chip elements 6 that constitute each 
of the independently sectional head 84 can be defined arbitrarily. Also, the configuration of contact surface between 
chip elements 6 and the independently sectional heads 84 may be made in any way if only such configuration makes 
it easy to position them. 



15 (Second Embodiment) 

[0064] Now, the description will be made of a second embodiment in accordance with the present invention. 
[0065] As the structure of an ink jet head, a plurality of chip elements, each having a plurality of discharge nozzles, 
are often arranged to provide one head. In this respect, the variation of discharge amount tends to be smaller between 
20 discharge nozzles on one and the same chip element, and it becomes larger between chip elements. Here, a discharge 
control is performed by shifting the application timing of the main pulses in order to suppress the variation of discharge 
amount between chip elements for an ink jet recording apparatus that uses a plurality of chip elements, each having 
a discharge head structured as shown in Figs. 4A and 4B. 

[0066] Within one and the same chip element, one and the same time differential x is used with respect to all the 

25 discharge nozzles as far as the timing of the main pulses is concerned. Also, the control by means of the pre-pulse is 
adopted as conventionally in use for controlling the variation of discharge amount caused by changes in the head 
temperature. Then, the head temperature is set at the designed target temperature T 0 in advance for the performance 
of the temperature control. After that, the averaged discharge amount per droplet per chip element or the diameter of 
a dot provided by discharged ink on a recording medium is measured or the time differential x that enables the averaged 

30 discharge amount or dot diameter to become the target amount of the control is measured. Then, in accordance with 
the measured data, the table that indicates the time differential x per chip element is prepared, and stored on the 
memory provided for the ink jet head. When printing, the application timing of the main pulses is caused to shift per 
chip element by the amount equal to the value of the time differential x stored on the memory on head, hence eliminating 
the variation of discharge amount between chip elements. 

35 [0067] As the ink jet head that uses a plurality of chip elements, there are an elongated head such as a fully multiple 
head, having a plurality of chip elements arranged in line in the direction of discharge nozzle array as shown in Fig. 
1 2 to form many numbers of discharge nozzles; a head for use of many kinds of ink provided with different chip element 
per different kind of ink as shown in Fig. 13; a high resolution head having a plurality of chip elements which are stacked 
in the scanning direction, while being slightly displaced from each other as shown in Fig. 14, among some others. Also, 

40 as in the first embodiment, instead of the time differential x itself being stored on the memory provided for the head, it 
may be possible to perform the control in accordance with the time differential x per rank by classifying the time differ- 
entials into ranks of several stages in advance, which are stored on the memory on head. Also, one or plural chip 
elements are installed on an independently sectional head, and even when a plurality of such independently sectional 
heads are used, it is possible to adopt the method described above for the control thereof. The present embodiment 

45 is also applicable to such structure as to be arranged by dividing a fully multiple head into a plurality of independently 
sectional heads, hence making it possible to replace only the independently sectional head for which disabled dis- 
charge, twisted discharge, or other malfunction takes place. 



(Third Embodiment) 

50 

[0068] For the first embodiment described above, the discharge amount control is made by means of the pre-pulse 
control with respect to the changes in the head temperature, and then, the time differential x is set between main pulses 
when being applied to the two electrothermal transducing elements, thus suppressing the variation of discharge amount 
caused by the individual difference between the discharge nozzles. However, in accordance with a third embodiment 
55 of the present invention, the discharge amount control is performed by means of the time differential x with respect to 
changes in the head temperature, while the pre-pulse control is adopted for suppressing the variation caused by the 
individual difference between discharge nozzles. Here, it is assumed to use an ink jet head having a plurality of dis- 
charge nozzles (discharge ports 43) as shown in Figs. 4A and 4B, each having two electrothermal transducing elements 
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45 and 46 arranged in the ink path 42 of each of the discharge nozzles. 

[0069] As described above, if the time differential x is set for the application timing of the main pulses between the 
two electrothermal transducing elements 45 and 46 in one and the same ink path 42, the discharge amount V d is 
allowed to change. By shifting the application timing of main pulses in this way, it is possible to perform the discharge 

5 amount control as shown in Fig. 16 with respect to changes in the head temperature. 

[0070] Fig. 1 6 is a view which illustrates the control of discharge amount with respect to changes in the head tem- 
perature. Given the target temperature of the temperature adjustment by means of the temperature heaters 30A and 
30B as T Q1 it is assumed that the adjustment of head temperature is executed by heat generated by the temperature 
heaters 30A and 30B within the range up to the temperature T 0 ("temperature control range" indicated in Fig. 1 6). Also, 

10 in Fig. 1 6, each of the straight lines designated by numerals (1) to (11) indicates the relationship between the head 
temperature and the discharge amount from the discharge port 43, provided that the pre-pulse condition is constant, 
and it corresponds to the pre-pulse condition having the smaller absolute value of the time differential x with the larger 
discharge amount in order of the smaller number. Here, therefore, the pre-pulse conditions are switched over to meet 
the head temperatures in order to keep the variation of the discharge amount within a specific width as indicated by 

15 thick lines in Fig. 1 6. More specifically, a table indicating the pre-pulse conditions applicable to each specific range of 
head temperatures is stored in advance as described later. Here, it is assumed that the temperature control is performed 
by heating the head up to the target temperature T 0 of the temperature control by means of temperature heater 30A 
and 30B or the like. 

[0071] Also, preceding the main pulses, pre-pulse is applied to each of the electrothermal transducing elements 45 
20 and 46, and then, by changing the width or off time of the pre-pulse, the discharge amount is controlled to suppress 
the variation of discharge amount between discharge nozzles. More specifically, the discharge amount per discharge 
nozzle or the dot diameter provided by the discharged ink on a recording medium is measured in advance with respect 
to the target temperature T Q of the temperature control, or the pre-pulse condition, which makes the discharge amount 
or dot diameter constant, ^measured per discharge nozzle, and then, the pre-pulse condition is stored on the memory 
25 25 provided for the recording head in order to compensate the individual difference between discharge nozzles. At this 
juncture, the time differential x is set at 0, and the pre-pulse condition is determined so as to enable the discharge 
amount at the target temperature T Q to become the predetermined target value, or It may be possible to check in 
advance the time differential x, which enables the pre-pulse control to eliminate the variation of discharge amount 
between discharge nozzles on one and the same chip element or over a plurality of chip elements, and then, to enable 
30 the discharge amount at the target temperature T 0 to become the target amount. This time differential x is stored on 
the RAM 203 in the controller 200 of the printer or in the driver software for the operation of the memory of this inkjet 
printer. 

[0072] With the execution of these measurements and the setting of the pre-pulse condition (including the setting of 
the time differential if the time differential t is not set at 0 at the target temperature T 0 ), the variation of discharge amount 

35 is eliminated between discharge nozzles when the head temperature is at the target temperature T Q , and at the same 
time, the discharge amount from each of the discharge nozzles is made equal to the target amount. 
[0073] Now, when operating an actual recording (printing), pulses are applied to the electrothermal transducing el- 
ements 45 and 46 in accordance with recording data. Therefore, the head temperature is caused to rise above the 
target temperature T 0 . In order not to cause the discharge amount to increase from each discharge port irrespective 

40 of such temperature rise, and also, to keep it to be equal to the discharge amount at the target temperature T Q , the 
absolute value of the time differential x is allowed to increase accordingly as the temperature rises. The table, which 
indicates the appropriate time differential x with respect to the temperatures that rise beyond the target temperature 
T 0 is stored in advance on the ROM 203 in the controller 200 of the printer or in the driver software for operating the 
memory of the ink jet printer. 

45 [0074] When recording (printing), the time differential x is set for the main pulses in accordance with the result of the 
temperature detection by means of the temperature sensors 20A and 20B. At the same time, the pre-pulse condition 
stored on the memory 25 provided for the head is read out to apply the pre-pulse to each of the discharge nozzle in 
accordance with the stored condition thus read out. Then, with such execution of the pre-pulse control, and the setting 
of the shift in the timing of the main pulse application, the discharge amount becomes constant irrespective of the 

so temperature rise of the head and the individual difference between discharge nozzles, hence making it possible to 
present the result of recording (printing) without any unevenness. 

[0075] Here, for the present embodiment, instead of the value of the time differential x itself, and the values of pulse 
width or off time themselves with respect to the pre-pulse control being stored on each of the memories, it may be 
possible to perform the control in accordance with the time differential x and pre-pulse condition per rank by classifying 
55 time differentials and pre-pulse conditions into ranks of several stages in advance, which are made readable from each 
memory corresponding to the respective ranks. 

[0076] For the embodiment described above, the discharge nozzle group, which is the object of correction of the 
variation caused by the individual difference between discharge nozzles, is not necessarily limited to those within one 
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and the same chip element, but such object may include a plurality of chip elements. One or plural chip elements are 
installed on one independent ink jet head, and even when a plurality of such ink jet heads are used, it is possible to 
adopt the method described above for the control of the variation of discharge amount per discharge nozzle. As the 
ink jet head that uses a plurality of chip elements, there are an elongated head such as a fully multiple head, having 

5 a plurality of chip elements arranged in line in the direction of discharge nozzle array as shown in Fig. 12 for the 
formation of many numbers of discharge nozzles; a head for use of many kinds of ink provided with different chip 
element per different kind of ink as shown in Fig. 13; a high resolution head having a plurality of chip elements which 
are stacked in the scanning direction, while being slightly displaced from each other as shown in Fig. 14, among some 
others. Further, it is possible to perform the intended control with the method described above even for a plurality of 

10 independently sectional heads, each having one or plural chip elements installed on it. The present embodiment is 
also applicable to the structure arranged by dividing a fully multiple head into a plurality of independently sectional 
heads, hence making it possible to replace only the independently sectional head for which a malfunction takes place, 
such as disabled discharge, twisted discharge, among some others. 

15 (Fourth Embodiment) 

[0077] Now, the description will be made of a fourth embodiment in accordance with the present invention. 
[0078] As the structure of an ink jet head, a plurality of chip elements, each having a plurality of discharge nozzles, 
are often arranged to provide one head. In this respect, the variation of discharge amount tends to be smaller between 

20 discharge nozzles on one and the same chip element, and it becomes larger between chip elements. Here, a discharge 
control is performed by shifting the application timing of the main pulses in order to suppress the variation of discharge 
amount caused by individual difference between chip elements for an ink jet recording apparatus that uses a plurality 
of chip elements, each having a discharge head structured as shown in Figs. 4A and 4B. To this end, within one and 
the same chip element, one and the same pre-pulse condition is adopted for all the discharge nozzles. Then, for the 

25 discharge control with respect to changes in the head temperature, the control by means of the time differential x of 
the application timing of main pulses is adopted for the two electrothermal transducing elements 45 and 46 arranged 
for the same nozzle. Here, it is assumed that the temperature is raised up to the target temperature T 0 designed for 
the temperature control by means of the temperature adjustment using the temperature heaters. 
[0079] Then, the head temperature is set at the designed target temperature T G in advance for the temperature 

30 control. After that, the discharge amount per chip element or the diameter of a dot provided by discharged ink on a 
recording medium is measured or the pre-pulse condition that enables the discharge amount or dot diameter to become 
constant is measured. Then, the pre-pulse condition is stored on the memory provided for the head. At this juncture, 
it is possible to determine the pre-pulse condition so that the discharge amount at the target temperature T Q becomes 
the predetermined target value on condition that the time differential t is set at 0 or it may be possible to check in 

35 advance the time differential x, which enables the pre-pulse control to eliminate the variation of discharge amount 
between discharge nozzles on one and the same chip element or over a plurality of chip elements so as to allow the 
discharge amount to become the target amount at the target temperature T 0 . This time differential is stored on the 
ROM 203 in the controller 200 of the printer or in the driver software for operating the memory of the ink jet printer. 
[0080] When printing, the pre-pulse control is performed per chip element in accordance with the pre-pulse condition 

40 stored on the memory provided for the head. Here, along the recording operation, the head temperature rises generally. 
With respect to this temperature rise, the absolute value of the time differential x is made larger. With the performance 
of the control described above, it is possible to eliminate the variation of discharge amount caused by the individual 
difference between chip elements, and to make the discharge amount constant irrespective of the increase of the head 
temperature. As a result, recording is performed without any uneven ness. 

45 [0081 ] Here, for the present embodiment, instead of the value of the time differential x itself, and the values of pulse 
width or off time themselves with respect to the pre-pulse control being stored on each of the memories, it may be 
possible to perform the control in accordance with the time differential x and pre-pulse condition per rank by classifying 
time differentials and pre-pulse controls into ranks of several stages in advance, which are made readable from each 
memory corresponding to the respective ranks. 

so [0082] As the ink jet head that uses a plurality of chip elements, there are an elongated head such as a fully multiple 
head, having a plurality of chip elements arranged in line in the direction of discharge nozzle array as shown in Fig. 
12 for the formation of many numbers of discharge nozzles; a head for use of many kinds of ink provided with different 
chip element per different kind of ink as shown in Fig. 13; a high resolution head having a plurality of chip elements 
which are stacked in the scanning direction, while being slightly displaced from each other as shown in Fig. 1 4, among 

55 some others. Further, it is possible to perform the intended control with the method described above even for a plurality 
of independently sectional heads, each having one or plural chip elements installed on it. The present embodiment is 
also applicable to the structure arranged by dividing a fully multiple head into a plurality of independently sectional 
heads, hence making it possible to replace only the independently sectional head for which a malfunction takes place, 
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such as disabled discharge, twisted discharge, among some others. 
(Fifth Embodiment) 

5 [0083] For the present embodiment, the same ink jet head as described in conjunction with the first embodiment is 
used (see Figs. 4A and 4B), and both the pre-pulse control and the control by means of shifting the timing of the main 
pulses are adopted for controlling the discharge amount. For each of the embodiments described above, the pre-pulse 
control is performed with respect to either one of the controls of the variation caused by changes in temperature and 
the variation between discharge nozzles (discharge nozzle groups), and the discharge amount control by means of 

10 the time differential t is adopted for the other one of them. However, with the combination of these two discharge 
amount controls, it becomes possible to obtain a wider variable range of discharge amount practicably. More specifically, 
the time differential % is maximized for the main pluses, while the minimum condition of discharge amount is set for the 
pre-pulse condition, and then, these are combined to present the minimum condition of discharge amount using these 
two method for controlling discharge amount. Also, on the contrary, the time differential t for main pulses is set at 0, 

15 while the maximum condition of discharge amount is set for the pre-pulse condition, and then, these are combined to 
present the maximum condition of discharge amount using the two method for controlling discharge amount. 
[0084] In this respect, for the present embodiment, the same method as described for the first embodiment to fourth 
embodiment is adopted with respect to the target temperature T c of the temperature control. Then, if the control, which 
is performed by either one of the method for shifting the timing of the main pulses used for the discharge amount control 

20 with respect to changes in temperature and the method for adopting the pre-pulse control, should reach the controllable 
limit due to the temperature rise, the remaining power of control still available by the other one of these methods is 
combined with the method currently in use in the temperature range beyond the limit of such controllable temperature. 
In this way, the discharge amount is prevented from being increased by use of both methods for controlling discharge 
amount accordingly. 

25 [0085] Fig. 17 is a flowchart which shows the control procedures for the fifth embodiment in accordance with the 
present invention. Here, the pre-pulse control is performed for the control with respect to changes in head temperature, 
while the correction of variation between discharge nozzles is made by setting the time differential x. Here, the descrip- 
tion is made on the assumption that the head temperature is detected at intervals of 20 ms. Also, the maximum head 
temperature, which enables the pre-pulse control to perform the discharge amount control, is given as T L (see Fig. 8). 

30 At first, in the same manner as the first embodiment, the time differential t is read out from the memory 25 on head 
per discharge nozzle (discharge unit) to set the time differential of the main pulses per discharge nozzle (step 151). 
Then, it is determined whether or not the head temperature T h is detected (step 152). If affirmative, the detected 
temperature is assigned to T n that represents the head temperature of the current sampling (step 153). The head 
temperatures (T n . 3 to T n ) of the past 4-samp!ing portion is averaged to make them an averaged head temperature T n 

35 (step 1 54). After that, the target temperature of the temperature control (designed temperature) T 0 and the head tem- 
perature T n are compared (step 155). If the head temperature T n is not up to the target temperature T Q , the head is 
heated by means of the temperature heaters 30A and 30B (step 156). Then, the process returns to the step 152. 
[0086] In the step 155, if the result of the comparison is T n £ T 0 , the pre-pulse condition is selected from the table 
that indicates pre-pulse conditions corresponding to the head temperature T n in order to perform the pre-pulse control 

40 on the basis of temperatures as described above (step 157), and then, it is determined whether or not the averaged 
head temperature T n is beyond the maximum temperature T L (to be exact, T u - 1), which is controllable by means of 
the pre-pulse control. If the head temperature does not reach the controllable maximum head temperature T L , the 
process proceeds to step 158. If it has reached the temperature T L , the increased portion corresponding to the value, 
which is obtainable by reducing the T L from the head temperature T n at that time, is added to the time differential t per 

45 discharge nozzle, and then, such newly added value is set as a new time differential. Thus, the process proceeds to 
step 158. In other words, when the head temperature rises beyond the controllable limit of the pre-pulse control, the 
time differential is made larger in order to continue the discharge amount control with respect to such temperature rise. 
[0087] I n the step 1 58, the main pulses are applied to each of the discharge nozzles of the electrothermal transducing 
elements 45 and 46. At this juncture, the pre-pulse condition is set at the one selected in the step 157. At the same 

so time, the time differential % per discharge nozzle with respect to the main pulse timing is set at the time differential 
obtained in the step 151 . In this respect, if the determination is affirmative in the step 121 , and the process is allowed 
to proceed to the step 122, the time differential that is newly set in the step 122 is adopted here. 
[0088] When the application of main pulse to each of the electrothermal transducing elements 45 and 46 is completed, 
the T n _ 2 is assigned to the T„. 3 (step 159), the T rv1 is assigned to the T n _ 2 (step 1 60), and the f n is assigned to the T rv1 

55 (step 1 61 ) in order to average the head temperatures by adding in the newly measured value of the head temperature, 
and then, the process returns to the step 152. 

[0089] The first embodiment to fifth embodiment described above are particularly important for a fully multiple ink jet 
head. Of the ink jet recording apparatuses, those of the serial type often perform printing by use of plural passes, and 
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it is rare that the same line is printed by one discharge nozzle entirely. Therefore, even if there is variation of discharge 
amount between discharge nozzles, the influence of such variation is not concentrated on one part of a recording 
medium intensively. Such variation spreads over on the recording medium to make it less conspicuous after all. How- 
ever, for the fully multiple head, the same line is printed entirely by one discharge nozzle fundamentally. Therefore, 

5 the variation of the discharge amount between discharge nozzles brings about the unevenness of prints as it is in the 
form of stripes on a recording medium. Also, since the same line is all printed by one discharge nozzle, the printing 
duty is caused to increase on a part of discharge nozzles when printing ruled lines or the like, and the temperature of 
such nozzles becomes higher to make it easier to increase discharge amount accordingly. Therefore, it is extremely 
important to suppress the variation of discharge amount between discharge nozzles. 

w [0090] Particularly, when intermediate gradation is represented by means of a dummy system or the like, it should 
be arranged to suppress not only the occurrence of density unevenness, but also, changes in color tone when printing 
in colors. Further, since the fully multiple head is long, the variation tends to take place between discharge nozzles for 
reasons related with its manufacture, and also, the variation of temperature becomes larger when the nozzles are in 
use. In addition, it is difficult to arrange one line of heads by use of a single chip element as the fully multiple head. 

15 Therefore, a plurality of chip elements should be used to structure such head. For reasons related with manufacture, 
properties of chip elements are caused to differ from each other, and also, the temperature of each chip element 
become different from each other in use. These tend to cause the variation of discharge amount. As a result, it is 
required to carry out temperature detection per chip element or per discharge nozzle, for controlling discharge amount 
with respect to changes in temperature. In order to measure the temperature per chip element, it may be possible to 

20 install the temperature sensor on each base plate (chip substrate) having electrothermal transducing elements ar- 
ranged thereon or on the metallic base plate having the chip base plate arranged thereon, because these plates support 
a plurality of discharge nozzles, thus being in a state of presenting an almost averaged temperature thereof. However, 
in order to measure the temperature per discharge nozzle precisely, there is a need for the formation of such sensor 
on the wall surface that faces each of the discharge nozzles. 

25 

(Sixth Embodiment) 

[0091] Here, using an ink jet head as shown in Figs. 4A and 4B the discharge amount control only by means of 
shifting the application timing of main pulses is adopted for both of the discharge amount controls of variation of dis- 

30 charge amount caused by changes in temperature, and the variation of discharge amount between discharge nozzles. 
In accordance with the present embodiment, the variation of discharge amount is suppressed between discharge 
nozzles by means of the target temperature T 0 of the temperature control, and the time differential x, which enables 
the discharge amount to become the target amount, is checked in advance per discharge nozzle. Then, the table that 
indicates such time differential t is stored on the memory 25 provided for the head. As to the rise of head temperature 

35 beyond the target temperature T 0 of the temperature control, it may be possible to arrange a table that indicates the 
time differential t per discharge nozzle per head temperature, and store such table on the memory 25 provided for the 
head. However, since the volume of such information becomes enormous, a check is made to find an appropriate 
increase of value for the time differential t corresponding to the temperature rise with respect to each time differential 
t at the target temperature. Then, a table that indicates the relationship between such value thus checked and the 

40 referenced time differential is stored on the memory 25 provided for the head, on the ROM 203 in the controller 200 
of the printer, or in the driver software for operating the memory of the ink jet printer. Here, it may be possible to execute 
the variation control per chip element, not necessarily per discharge nozzle. 

[0092] For the present embodiment, it may be possible to stabilize discharge by use of pre-pulse. If the pre-pulse 
should be used, it is more effective to implement the combined use of the pre-pulse control as referred to in the first 
45 to fifth embodiments. However the present embodiment is particularly effective when it is desirable to avoid increasing 
the head temperature by use of pre-pulse. In accordance with the present embodiment, it is possible to suppress the 
temperature rise of the head by not using the pre-pulse. in this case, there is no need for the provision of any mechanism 
required for applying the pre-pulse. 

so (Seventh Embodiment) 

[0093] For the first embodiment to sixth embodiment, densities are checked with respect to the prints obtainable by 
performing a solid printing, and dummy printing for intermediate gradation, among some others such as pattern printing 
per discharge nozzle or per chip element or per head or per discharge nozzle group for a plurality of continuous dis- 
55 charge nozzles or per discharge nozzle group belonging to the block of divisional driving. It is preferable to regulate 
the unit of such checks to the control unit with respect to the individual difference between discharge nozzles (discharge 
nozzle groups). However, the unit is not necessarily limited to such control. The discharge amount is controlled between 
discharge nozzles (groups) in accordance with the density information of prints per discharge nozzle (group) thus 
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checked as described above instead of storing the information of the individual difference between discharge nozzles 
(groups) on the memory provided for the head or in the driver software of the printer as in the first embodiment to sixth 
embodiment. More specifically, the discharge amount is controlled to the target amount by means of a method for 
preparing a conversion table to obtain the discharge amount from the density of prints; a method for preparing a con- 

5 version table in which the correction amount is described for the discharge amount control based upon the density of 
prints; or a method for continuously operating printing and making density measurement simultaneously, while changing 
the discharge amounts until all the density of prints becomes a predetermined specific value. For means for controlling 
the discharge amount in such a manner, it is possible to adopt means for suppressing the variation between the dis- 
charge nozzles (groups) used for the first embodiment to sixth embodiment, that is, the controls by means of the pre- 

10 pulse control and the time differentials x of the main pulse application as well. 

[0094] Now, the present embodiment has been described. However, it may be possible for the present embodiment 
to arrange the control so as to suppress not only the variation between the discharge nozzle and the variation between 
chip elements, but also, the variation between discharge nozzle groups for a plurality of continuous discharge nozzles 
and the variation between the discharge nozzle groups belonging to the block of the divisional driving as the objects 

15 of the discharge amount control with respect to the variation caused by individual difference. 

[0095] Now, the description will be made of a preferable position of the electrothermal transducing elements 45 and 
46 in the ink path 42 of the ink jet head shown in Figs. 4A and 4B. 

[0096] Fig. 18 is a view which shows the relationship between the discharge amount V d of the droplet from the 
discharge port 43 and the discharging speed v of this droplet, and also, between the product of the area S Q of the 

20 discharge port and the distance OH from the discharge port 43 to the leading end of the electrothermal transducing 
elements 45 and 46 (the leading end on the discharge port 43 side), and this distance OH. Fig. 19 is a view which 
shows the relationship between the result obtainable by dividing the discharging speed v by the discharge amount V d 
and the distance OH. In Fig. 18 and Fig. 19, singular points a and b are regulated, and the distance OH is divided into 
three areas, that is, an area A which is above a; an area B which is below b; and an area C which is between the a and b. 

25 [0097] As the tendency characteristic to each of the areas, the discharging speed v and the discharge amount V d 
presents a substantially proportional relationship between them as the distance OH becomes larger in the area A, and 
it is possible to point out that the v / V d is almost constant; also, in the area B, the discharge amount V d is substantially 
proportional to the product of the area S Q of the discharge port and the area OH; and in the area C, it is possible to 
point out that the discharge amount V d is almost constant. Also, each of the areas A to C described above may be 

30 defined as given below in consideration of the discharge amount V d and the discharging speed v, respectively. 

(With a view given to the discharging speed v) 
[0098] 

35 

Area A: a zone where the discharge amount V d is reduced as the distance OH increases; 

Area B: a zone where the discharge amount increases almost in proportion to the distance OH; 

Area C: a zone where the discharge amount V d becomes almost constant with respect to the distance OH. 

io (With a view given to the discharging speed) 

[0099] The discharging speed v is lowered as the distance OH becomes larger in all the zones, but in the area C, 
the amount of such change becomes more gradual. 

[0100] As shown in Fig. 4B, when the two electrothermal transducing elements 45 and 46 are arranged to shift in 
45 the direction of the ink flow, it is preferable to position the electrothermal transducing element 45, which is on the front 
side (on the discharge port 43 side), on the area B or area C, while positioning the electrothermal transducing element 
46 on the area A, in order to enhance the stability of the discharge amount and the shooting accuracy to a recording 
medium (which depends on the discharging speed v). In other words, it is preferable to arrange the structure so that 
the distance OH from the discharge port 43 to the leading end of the electrothermal transducing elements 45 and 46 
so on the discharge port 43 side corresponds to each of the areas described above, respectively. 

[0101] In accordance with the present invention described above, it is possible to suppress the variation caused by 
the individual difference between discharge nozzles (groups) by means of the control that adopts the time differential 
x in accordance with the data on the individual difference between discharge nozzles and or between discharge nozzle 
groups. In particular, for the present invention, the control by means of pre-pulse and the control by means of the time 
55 differential t are used together, and one of them is used for suppressing the variation of discharge amount caused by 
changes in the temperature of ink and the other one of them is used for suppressing the variation of discharge amount 
caused by the individual difference between discharge nozzles (groups). In this way, even when either one of the 
variations caused by changes in ink temperature and by the individual difference between discharge nozzles (groups) 
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or both of them are so large that a sufficient controllable range cannot be obtained just by means of either one of the 
control methods, it is possible to obtain a wider controllable range by the combined use of both controls, and also, to 
maintain the discharge amount at a constant value, thus making recording possible to obtain images of a higher quality. 



Claims 

I. A method for adjusting the amount of liquid discharged from the outlet (43) of each of a plurality of liquid paths 
(42) each having a plurality of individually drivable electrothermal transducing elements (45, 46) for generating 

10 heat to create a bubble to cause liquid to be discharged from the corresponding outlet, the method comprising the 

step of: 

causing discharge of liquid from an outlet by supplying individual driving signals to each of the plurality of 
electrothermal transducing elements In the corresponding liquid path; 

15 

characterised In that the method further includes the step of controlling the relative timings of starting the 
supply of the driving signals to the electrothermal transducing elements of that liquid path , to make similar amounts 
of liquid discharge from the outlets of each of the plurality of liquid paths. 

20 2. A method according to claim 1, wherein a driving signal consists of a heating pre-pulse (P1) followed -after a 
quiescent time by a main pulse (P2) for causing bubble creation. 

3. A method as claimed in claim 1, wherein a driving signal consisting of heating pre-pulse (P1) followed after a 
quiescent time by a main pulse (P2) for causing bubble creation is supplied to at least one of the plurality of 

25 electrothermal transducing elements (45, 46) of a liquid path and is itself varied. 

4. A method according to claim 3, wherein any changes of the driving signal are shared by each of the plural liquid 
paths (42). 

30 5. A method according to claim 3 or 4, wherein the driving signal is varied to change at least one of the time of 
supplying the pre-pulse (P1 ) or the length of the quiescent time. 

6. A method according to any one of the preceding claims, wherein a plurality of said liquid paths form a unit and the 
liquid discharge amount is controlled on a unit by a unit basis. 

35 

7. A method according to any one of claims 1 to 6, wherein said liquid is ink. 

8. A method for driving an ink-jet head using a method according to claim 1 for discharging, as the liquid, an ink. 

40 9. A method for driving an ink-jet head according to claim 8, further comprising the steps of: 

executing a first control for applying driving signals, each formed by a main pulse (P2) to generate heat for 
the creation of bubbles to cause liquid to be discharged from the discharge nozzle; a pre-pulse (P1 ) preceding 
the main pulse for heating but not intensive enough to create any bubbles; and a quiescent time between the 
45 main pulse and the pre-pulse to the plural electrothermal transducing elements in order to vary the driving 

signal; 

executing a second control for varying the relative time of application of the main pulses to the plural electro- 
thermal transducing elements of the discharge nozzles; 

suppressing variation in the amount of ink discharged caused by changes in the temperature of the ink by 
so means of either one of said first control and said second control; and 

suppressing variation in the liquid discharge amount between discharge nozzles by means of the other one 
of said first control and said second control. 

10. A method for driving an ink-jet head according to claim 9, wherein change in said driving signal itself is made by 
55 changing either one of the pre-pulse (P1) and the quiescent time. 

II. A method for driving an ink-jet head according to claim 9, wherein the suppression of variation in the discharge 
amount by variation of the relative time of application of the main pulse (P2) is performed per group of each of a 
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plurality of discharge nozzle groups or per discharge nozzle (43). 

12. A method for driving an ink-jet head according to claim 9, wherein either one of the first control and said second 
control is executed to suppress any variation of discharge amount caused by changes in said temperature, and 
to suppress any variation of discharge amount caused by individual differences between said discharge nozzles 
(43) or discharge nozzle groups when the temperature detected from the head is within range of a specific target 
temperature, and to suppress any variation in the discharge amount caused by change in the temperature of ink 
by combining said first control and said second control means when said detected temperature exceeds the specific 
target temperature. 

13. A method for driving an ink-jet head according to claim 9 or claim 12, wherein two electrothermal transducing 
elements (45, 46) are provided for each of the discharge nozzles (43), and said two electrothermal transducing 
elements are arranged adjacent each other in the direction intersecting the ink flow direction toward said discharge 
nozzle, and the time of application of the main pulses (P2) applied to said two electrothermal transducing elements 
are shifted relative to one another. 

14. A method for driving an ink-jet head according to claim 9 or claim 12, wherein two electrothermal transducing 
elements (45, 46) are provided for each discharge nozzle (43), and the two electrothermal transducing elements 
are arranged adjacent to each other in the direction intersecting the ink flow direction towards said discharge 

20 nozzle, and are arranged with a shift relatively within the range of the length of said electrothermal transducing 

element in the direction of ink flow, and the relative timing of said main pulses (P2) applied to each of the two 
electrothermal transducing elements is caused to shift. 

A method for driving an ink-jet head according to claim 9 or claim 12, wherein a temperature adjustment is per- 
formed to heat said ink-jet head to enable the temperature thereof to reach a specific target temperature when the 
detected temperature of the head is lower than the target temperature, and when the detected temperature of the 
head exceeds the target temperature, a control is performed to suppress the discharged amount following any 
change in the temperature of ink corresponding to the amount by which the detected temperature exceeds the 
target temperature. 

A method for driving an ink-jet head according to claim 15, wherein the driving signal given to said electrothermal 
transducing elements (45, 46) is formed by a heating pre-pulse (P1), a quiescent time where no pulse is applied, 
and a main pulse (P2) for bubble creation. 

35 17. An ink-jet apparatus provided with an ink-jet head provided with plural nozzles (43) each having a plurality of 
individually drivable electrothermal transducing elements (45, 46) for generating heat to create a bubble to cause 
ink discharge, the apparatus comprising: 

data storing means for storing correction data to correct any variation in the discharge amount between dis- 
charge nozzles or between discharge nozzle groups; 

driving means for applying driving signals in accordance with recording data, each driving signal being formed 
by a main pulse (P2) to enable the electrothermal transducing elements to generate thermal energy per dis- 
charge nozzle for the creation of a bubble, a heating pre-pulse (P1) preceding the main pulse, the pre-pulse 
not being intensive enough to create any bubbles, and a quiescent time between the main pulse and the pre- 
pulse; and characterised by: 

controlling means for performing a first control to change the conditions of said pre-pulse application in 
accordance with the data stored in the data storing means, and also for performing a second control to 
shift the relative timings of starting the supply of the main pulses to the electrothermal transducing elements 
associated with a discharge nozzles. 

18. An ink-jet apparatus according to claim 17, further including temperature detection means for detecting tempera- 
tures of said ink-jet head, wherein the first control is performed in accordance with the result of the detection by 
said temperature detection means to suppress any variation in amount discharged caused by changes in the 
55 temperature of the ink, and the second control is performed in accordance with the data stored on said data storing 

means to suppress any variation in the discharge amount caused by individual differences between the discharge 
nozzles (43) or discharge nozzle groups. 
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19. An ink-jet apparatus according to claim 17, further including temperature detection means for detecting tempera- 
tures of said ink-jet head, wherein said second control is performed in accordance with the result of the detection 
by said temperature detection means to suppress any variation in the discharge amount caused by changes in 
the detected ink temperature and the first control is performed in accordance with the data stored on said data 

5 storing means to suppress any variation in the discharge amount which is caused by individual differences between 

the discharge nozzles (43) or discharge nozzle groups. 

20. An ink-jet apparatus according to claim 1 7, further including temperature detection means for detecting tempera- 
tures of said ink-jet head, wherein said first control is performed in accordance with the result of detection when 

10 the result of detection by said temperature detection means is within the range having a specific upper limit to 

suppress any variation of discharge amount following changes in said ink temperature, and said second control 
is performed in accordance with the data stored on said data storing means to suppress any variation in discharge 
amount caused by the individual difference between discharge nozzles (43) or discharge nozzle groups, and when 
the result of detection by said temperature detection means exceeds said specific upper limit, the increased portion 

is of discharge amount is suppressed by utilizing the remaining controlling power of said second control correspond- 

ing to the amount by which the detected temperature exceeds the upper temperature limit. 

21 . An ink-jet apparatus according to claim 1 7, further including temperature detection means for detecting tempera- 
tures of said ink-jet head, wherein the second control is performed in accordance with the result of detection when 

20 the result of detection by said temperature detection means is within the range having a specific upper limit to 

suppress any variation of discharge amount following changes in the ink temperature and the first control is per- 
formed in accordance with the data stored on said data storing means in order to suppress any variation in the 
discharge amount caused by individual differences between discharge nozzles (43) or discharge nozzle groups, 
and when the result of detection by said temperature detection means exceeds said specific upper limit, the in- 

25 creased portion of discharge amount is suppressed by utilizing the remaining controlling power of the first control 

corresponding to the amount by which the detected temperature exceeds the upper limit of temperature. 

22. An ink-jet apparatus according to claim 1 7, further including temperature detection means for detecting tempera- 
tures of said ink-jet head, wherein heating means is provided to heat said Inkjet head, and when the temperature 

30 detected by said temperature detection means is lower than a specific target temperature, a temperature adjust- 

ment is performed by said heating means to enable the detected temperature of the ink-jet head to reach said 
target temperature. 

23. An ink-jet apparatus according to claim 1 7, further including temperature detection means for detecting tempera- 
35 tures of said ink-jet head, wherein said controlling means is arranged to shift the application time of the driving 

signal between the electrothermal transducing elements (45, 46) per discharge nozzle (43) or discharge nozzle 
group in accordance with the result of detection by the temperature detection means, and the data which is stored 
in said data storing means. 

40 24. An ink-jet apparatus according to claim 1 7 or claim 23, wherein two electrothermal transducing elements (45, 46) 
are provided per discharge nozzle (43), and arranged adjacent to each other in the direction intersecting the ink 
flow direction toward said discharge nozzle, and the relative timing of the supply of the main pulses to each of the 
two electrothermal transducing elements is varied. 

45 25. An ink-jet apparatus according to claim 1 7 or claim 23, wherein two electrothermal transducing elements (45, 46) 
are provided per discharge nozzle (43), and are arranged adjacent to each other in the direction intersecting the 
ink flow direction toward said discharge nozzle, and are arranged with a shift relative to each other within the length 
of said electrothermal transducing element in the direction of ink flow, and the time of application of said main 
pulses (P2) to each of said two electrothermal transducing elements is shifted. 

50 

26. An ink-jet apparatus according to claim 1 7 or claim 23, wherein said ink-jet head is an elongate head constructed 
from chip elements, each having a plurality of discharge nozzles, and said plural chip elements are arranged in 
one line in the arrangement direction of the discharge ports of said discharge nozzles. 

o 

55 27. An ink-jet apparatus according to claim 17 or claim 23, wherein said ink-jet head comprises a plurality of chip 
elements, each having a plurality of discharge nozzles, for use of different colours or kinds of ink. 

28. An ink-jet apparatus according to claim 1 7 or claim 23, wherein said ink-jet head is a high resolution head com- 
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prising a plurality of chip elements, each having a plurality of discharge nozzles arranged at equal intervals, and 
said chip elements are stacked while being displaced by pitches corresponding to the recording resolution. 

29. An ink jet apparatus according to Claim 1 7 or Claim 23, wherein the variation of discharge amount caused by the 
individual difference between discharge nozzles or discharge nozzle groups is detected by reading out the density 
unevenness of prints, and the control of discharge amount is performed to eliminate the density unevenness. 

Patentansp ruche 

1 . Verfahren zum Einstellen der Menge von Flussigkeit, die aus dem AuslaB (43) jedes von einer Vielzahl von Flus- 
sigkeitspfaden (42) ausgestoBen wird, von denen jeder eine Vielzahl von individuell ansteuerbaren elektrothermi- 
schen Wandlerelementen (45, 46) aufweistzum Generieren von Warme zur Erzeugung einer Blase, um zu bewir- 
ken, daB Flussigkeit aus dem entsprechenden AuslaB ausgestoBen wird, umfassend den Schritt: 

Bewirken des AusstoBes von Flussigkeit aus einem AuslaB durch Zufuhren individueller Ansteuersignale zu 
jedem der Vielzahl von elektrothermischen Wandlerelementen in dem entsprechenden Flussigkeitspfad; 

dadurch gekennzefchnet, daB das Verfahren ferner den Schritt des Steuerns der relativen Zeitpunkte des 
20 Beginnens der Zufuhr der Ansteuersignale zu den elektrothermischen Wandlerelementen dieses Flussigkeitspfads 

umfaBt, um zu bewirken, daB ahnliche Mengen von Flussigkeit aus den Auslassen jedes der Vielzahl von Fliis- 
sigkeitspfaden ausgestoBen werden. 

2. Verfahren nach Anspruch 1 , bei dem ein Ansteuersignal aus einem Heiz-Vorimpuls (P1) gefolgt von, nach einer 
25 Ruhezeit, einem Hauptimpuls (P2) zum Bewirken der Blasenerzeugung besteht. 

3. Verfahren nach Anspruch 1, bei dem ein Ansteuersignal, das aus einem Heiz-Vorimpuls (P1) gefolgt von, nach 
einer Ruhezeit, einem Hauptimpuls (P2) zum Bewirken der Blasenerzeugung besteht, zumindest einem der Viel- 
zahl von elektrothermischen Wandlerelementen (45, 46) eines Flussigkeitspfads zugefuhrt und selbst variiert wird. 

30 

4. Verfahren nach Anspruch 3, bei dem irgendwetche Anderungen des Ansteuersignals von jedem der Vielzahl von 
Flussigkeitspfaden (42) geteilt werden. 

5. Verfahren nach Anspruch 3 oder Anspruch 4, bei dem das Ansteuersignal variiert wird, um zumindest die Zelt der 
35 Zufuhr des Vorimpulses (P1) oder die Lange der Ruhezeit zu andern. 

6. Verfahren nach einem der vorangehenden Anspruche, bei dem eine vielzahl der Flussigkeitspfade eine Einheit 
bilden und die FlussigkeitsausstoBmenge auf einer einheitsweisen Basis gesteuert wird. 

40 7. Verfahren nach einem der Anspruche 1 bis 6, bei dem die Flussigkeit Tinte ist. 

8. Verfahren zum Ansteuem eines Tintenstrahikopfs unter Verwendung eines Verfahrens nach Anspruch 1 zum Aus- 
stoBen von Tinte als die Flussigkeit. 

45 9. Verfahren zum Ansteuern eines Tintenstrahikopfs nach Anspruch 8, ferner umfassend die Schritte: 

Ausfuhren einer ersten Steuerung zum Anlegen von Ansteuersignalen, von denen jedes durch einen Haupt- 
impuls (P2) zum Generieren von Warme zur Erzeugung von Blasen zum Bewirken, daB Flussigkeit aus der 
AusstoBduse ausgestoBen wird; einen Vorimpuls (P1 ), der dem Hauptimpuls vorangeht, zum Erwarmen, aber 
so nicht intensiv genug, um irgendwelche Blasen zu erzeugen; und eine Ruhezeit zwischen dem Hauptimpuls 

und dem Vorimpuls gebildet wird, an die mehreren elektrothermischen Wandlerelemente, um das Ansteuer- 
signal zu variieren; 

Ausfuhren einer zweiten Steuerung zum Variieren der relativen Zeit des Anlegens der Hauptimpulse an die 
mehreren elektrothermischen Wandlerelemente der AusstoBdusen; 
55 Unterdrucken einer Schwankung in der Menge ausgestoBener Tinte, die durch Anderungen in derTemperatur 

der Tinte verursacht wird, mittels einer der ersten Steuerung und der zweiten Steuerung; und 
Unterdrucken einer Schwankung in der FlussigkeitsausstoBmenge zwischen AusstoBdusen mittels der ande- 
ren der ersten Steuerung und der zweiten Steuerung. 
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10. Verfahren zum Ansteuern eines Tintenstrahlkopfs nach Anspruch 9, bei dem eine Anderung in dem Ansteuersignal 
selbst durch Andern des Vorimpulses (P1) oder der Ruhezeit erfolgt. 

11 . Verfahren zum Ansteuern eines Tintenstrahlkopfs nach Anspruch 9, bei dem die Unterdruckung der Schwankung 
5 in der AusstoBmenge durch Variation der relativen Zeit des Anlegens des Hauptimpulses (P2) pro Gruppe von 

jeder von einer Vielzahl von AusstoBdiisengruppen oder pro AusstoBduse (43) durchgefuhrt wird. 

12. Verfahren zum Ansteuern eines Tintenstrahlkopfs nach Anspruch 9, bei dem eine der ersten Steuerung und der 
zweiten Steuerung ausgefuhrt wird, um Irgendeine Variation der AusstoBmenge, die durch Anderungen in der 

10 Temperatur verursacht wird, zu unterdrucken, und um irgendeine Variation der AusstoBmenge, die durch indivi- 

duelle Unterschiede zwischen den AusstoBdusen (43) oder AusstoBdiisengruppen dann, wenn die von dem Kopf 
erfaBte Temperatur innerhalb eines Bereichs einer bestimmten Solltemperatur liegt, verursacht wird, zu unterdruk- 
ken, und um irgendeine Variation in der AusstoBmenge, die durch eine Anderung in der Temperatur von Tinte 
verursacht wird, durch Kombinieren der ersten Steuerung und der zweiten Steuerung dann, wenn die erfaBte 

15 Temperatur die bestimmte Solltemperatur ubersteigt, zu unterdrucken. 

13. Verfahren zum Ansteuern eines Tintenstrahlkopfs nach Anspruch 9 oder Anspruch 12, bei dem zwei elektrother- 
mische Wandlerelemente (45, 46) fur jede der AusstoBdusen (43) bereitgestellt sind, und die zwei elektrothermi- 
schen Wandlerelemente zueinander benachbart in der die Tintenf luBrichtung zu der AusstoBduse hin schneiden- 

20 den Richtung angeordnet sind, und die Zeiten des Anlegens der an die beiden elektrothermischen Wandlerele- 

mente angelegten Hauptimpulse (P2) relativ zueinander verschoben sind. 

14. Verfahren zum Ansteuern eines Tintenstrahlkopfs nach Anspruch 9 oder Anspruch 12, bei dem zwei elektrother- 
mische Wandlerelemente (45, 46) fur jede AusstoBduse (43) bereitgestellt sind, und die zwei elektrothermischen 

25 Wandferelemente zueinander benachbart In der die Tintenf iuBrichtung zu der AusstoBduse hinschneidenden Rich- 

tung angeordnet sind, und mit einer Verschiebung relativ innerhalb des Bereichs der Lange des elektrothermischen 
Wandlerelements in der Richtung des Tintenflusses angeordnet sind, und das relative Zeitverhalten der an jedes 
der zwei elektrothermischen Wandlerelemente angelegten Hauptimpulse (P2) veranlaBt wird, sich zu verschieben. 

30 15. Verfahren zum Ansteuern eines Tintenstrahlkopfs nach Anspruch 9 oder Anspruch 12, bei dem eine Temperatur- 
einstellung durchgefuhrt wird, um den Tintenstrahlkopf zuheizen, umes derTemperaturdesselbenzuermoglichen, 
eine bestimmte Solltemperatur zu erreichen, wenn die erfaBte Temperatur des Kopfs niedriger ist als die Solltem- 
peratur, und dann, wenn die erfaBte Temperatur des Kopfs die Solltemperatur ubersteigt, eine Steuerung durch- 
gefuhrt wird, um die ausgestoBene Menge auf irgendeine Anderung der Temperatur von Tinte entsprechend dem 

35 AusmaB, um welches die erfaBte Temperatur die Solltemperatur ubersteigt, folgend zu unterdrucken. 

16. Verfahren zum Ansteuern eines Tintenstrahlkopfs nach Anspruch 15, bei dem das an die elektrothermischen Wand- 
lerelemente (45, 46) gegebene Ansteuersignal durch einen Heiz-Vorimpuls (P1 ), eine Ruhezeit, in der kein Impuls 
angelegt wird, und einen Hauptimpuls (P2) zur Blasenerzeugung gebildet wird. 

17. Tintenstrahrvorrichtung, die mit einem Tintenstrahlkopf versehen ist, der mit mehreren Dusen (43) bereitgestellt 
ist, von denen jede eine Vielzahl von individuell ansteuerbaren elektrothermischen Wandlerelementen (45, 46) 
aufweist zum Generieren von Warme zur Erzeugung einer Blase zum Bewirken eines TintenausstoBes, umfas- 
send: 

eine Datenspeichereinrichtung zum Speichern von Korrekturdaten zum Korrigieren irgendeiner Schwankung 
in der AusstoBmenge zwischen AusstoBdusen oder zwischen AusstoBdusengruppen; 
eine Ansteuerein richtung zum Anlegen von Ansteuersignalen in Ubereinstimmung mit Aufzeichnungsdaten, 
wobei jedes Ansteuersignal durch einen Hauptimpuls (P2), der es den elektrothermischen Wandlerelementen 
ermoglicht, thermische Energie pro zur Erzeugung einer Blase zu generieren, einen Heiz-Vorimpuls (P1), der 
dem Hauptimpuls vorangeht, wobei der Vorimpuls nicht intensiv genug ist, um irgendwelche Blasen zu erzeu- 
gen, und eine Ruhezeit zwischen dem Hauptimpuls und dem Vorimpuls gebildet wird; 

gekennzelchnet durch: 

55 

eine Steuereinrichtung zum Durchfuhren einer ersten Steuerung zum Andern der Bedingungen des Anlegens 
des Vorimpulses in Ubereinstimmung mit den in der Datenspeichereinrichtung gespeicherten Daten sowie 
zum Durchfuhren einer zweiten Steuerung zum Verschieben der relativen Zeiten des Beginnens der Zufuhr 
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der Hauptimpulse zu den elektrothermischen Wandlerelementen, die einer AusstoBdiise zugeordnet sind. 

18. Tintenstrahlvorrichtung nach Anspruch 17, ferner beinhaltend eine Temperaturerfassungseinrichtung zum Erfas- 
sen von Temperaturen desTintenstrahlkopfs, bei der die erste Steuerung in Ubereinstimmung mit dem Ergebnis 
der Erfassung durch dieTemperaturerfassungseinrichtung zum Unterdrticken irgendeinerSchwankung in deraus- 
gestoBenen Menge, die durch Anderungen in der Temperatur der Tlnte verursacht wird, durchgefuhrt wird, und 
die zweite Steuerung in Ubereinstimmung mit den in der Datenspeichereinrichtung gespeicherten Daten durch- 
gefuhrt wird, urn irgendeine Schwankung in der AusstoBmenge zu unterdrticken, die durch individuelle Unterschie- 
de zwischen den AusstoBdusen (43) oder AusstoBdusengruppen verursacht wird. 

19. Tintenstrahlvorrichtung nach Anspruch 17, ferner beinhaltend eine Temperaturerf assungseinrichtung zum Erfas- 
sen von Temperaturen des Tintenstrahlkopfs, bei der die zweite Steuerung in Ubereinstimmung mit dem Ergebnis 
der Erfassung durch die Temperaturerfassungseinrichtung durchgefuhrt wird, urn irgendeine Schwankung in der 
AusstoBmenge zu unterdrticken, die durch Anderungen in der erfaBten Tmtentemperatur verursacht wird, und die 
erste Steuerung in Ubereinstimmung mit den in der Datenspeichereinrichtung gespeicherten Daten durchgefuhrt 
wird, urn irgendeine Schwankung in der AusstoBmenge zu unterdrticken, die durch individuelle Unterschiede zwi- 
schen den AusstoBdusen (43) oder AusstoBdusengruppen verursacht wird. 

20. Tintenstrahlvorrichtung nach Anspruch 17, ferner beinhaltend eine Temperaturerfassungseinrichtung zum Erfas- 
sen von Temperaturen des Tintenstrahlkopfs, bei der die erste Steuerung in Ubereinstimmung mit dem Ergebnis 
der Erfassung durchgefuhrt wird, wenn das Ergebnis der Erfassung durch die Temperaturerf assungseinrichtung 
innerhalb des Bereichs mit einer bestimmten oberen Grenze liegt, urn irgendeine auf Anderungen in der Tinten- 
temperatur folgende Schwankung der AusstoBmenge zu unterdrticken, und die zweite Steuerung in Ubereinstim- 
mung mit den in der Datenspeichereinrichtung gespeicherten Daten durchgefuhrt wird, urn irgendeine Schwankung 
in der AusstoBmenge zu unterdrticken, die durch die individuellen Unterschiede zwischen AusstoBdusen (43) oder 
AusstoBdusengruppen verursacht wird, und dann, wenn das Ergebnis der Erfassung durch die Temperaturerf as- 
sungseinrichtung die bestimmte obere Grenze uberschreitet, der erhohte Anteil der AusstoBmenge durch Nutzen 
der verbleibenden Steuerleistung der zweiten Steuerung entsprechend dem AusmaB, urn welches die erfaBte 
Temperatur die obere Temperaturgrenze uberschreitet, unterdrtickt wird. 

21. Tintenstrahlvorrichtung nach Anspruch 17, ferner beinhaltend eine Temperaturerf assungseinrichtung zum Erfas- 
sen von Temperaturen des Tintenstrahlkopfs, bei der die zweite Steuerung in Ubereinstimmung mit dem Ergebnis 
der Erfassung durchgefuhrt wird, wenn das Ergebnis der Erfassung durch die Temperaturerfassungseinrichtung 
innerhalb des Bereichs mit einer bestimmten oberen Grenze liegt, urn irgendeine auf Anderungen in derTlnten- 
temperatur folgende Schwankung der AusstoBmenge zu unterdrticken, und die erste Steuerung in Ubereinstim- 
mung mit den in der Datenspeichereinrichtung gespeicherten Daten durchgefuhrt wird, urn irgendeine Schwankung 
in der AusstoBmenge zu unterdrticken, die durch individuelle Unterschiede zwischen AusstoBdusen (43) oder 
AusstoBdusengruppen verursacht wird, und dann, wenn das Ergebnis der Erfassung durch die Temperaturerfas- 
sungseinrichtung die bestimmte obere Grenze uberschreitet, der erhohte Anteil der AusstoBmenge durch Nutzen 
der verbleibenden Steuerleistung der ersten Steuerung entsprechend dem AusmaB, urn welches die erfaBte Tem- 
peratur die obere Temperaturgrenze uberschreitet, unterdrtickt wird. 

22. Tintenstrahlvorrichtung nach Anspruch 1 7, ferner beinhaltend eine Temperaturerf assungseinrichtung zum Erf as- 
sen von Temperaturen des Tintenstrahlkopfs, bei der eine Heizeinrichtung zum Heizen des Tintenstrahlkopfs be- 
reitgestellt ist und dann, wenn die durch die Temperaturerf assungseinrichtung erfaBte Temperatur niedriger ist als 
eine bestimmte Solltemperatur, eine Temperatureinstellung durch die Heizeinrichtung durchgefuhrt wird, urn es 
der erfaBten Temperatur des Tintenstrahlkopfs zu ermoglichen, die Solltemperatur zu erreichen. 

23. Tintenstrahlvorrichtung nach Anspruch 17, ferner beinhaltend eine Temperaturerfassungseinrichtung zum Erfas- 
sen von Temperaturen des Tintenstrahlkopfs, bei der die Steuereinrichtung zum Verschieben der Anlegezeit des 
Ansteuersignals zwischen den elektrothermischen Wandlerelementen (45, 46) pro AusstoBdiise (43) oder Aus- 
stoBdQsengruppe in Ubereinstimmung mit dem Ergebnis der Erfassung durch die Temperaturerf assungseinrich- 
tung und den Daten, welche in der Datenspeichereinrichtung gespeichert sind, angeordnet ist. 

24. Tintenstrahlvorrichtung nach Anspruch 17 oder Anspruch 23, bei der zwei elektrothermische Wandlerelemente 
(45, 46) pro AusstoBdiise (43) bereitgestellt und benachbart zueinander in der die TintenfluBrichtung zu der Aus- 
stoBduse hin schneidenden Richtung angeordnet sind, und das relative Zeitverhalten der Zufuhr der Hauptimpulse 
zu jedem der zwei elektrothermischen Wandlerelemente variiert wind. 
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25. Tintenstrahlvorrichtung nach Anspruch 17 Oder Anspruch 23, bei der zwei elektrothermische Wandlerelemente 
(45, 46) pro AusstoBdiise (43) bereitgestetlt und benachbart zueinander in der die TintenfluBrichtung zu der Aus- 
stoBduse hin schneidenden Richtung angeordnet sind, und mit einer Verschiebung relativ zu einander innerhalb 
der Lange des elektrothermischen Wandlereiements in der Richtung des Tintenflusses angeordnet sind, und die 
Zeit des Anlegens der Hauptimpulse (P2) an jedes der zwei elektrothermischen Wandlerelemente verschoben wird. 

26. Tintenstrahlvorrichtung nach Anspruch 1 7 Oder Anspruch 23, bei der der Tlntenstrahlkopf ein sich langs erstrek- 
kender, aus Chipelementen aufgebauter Kopf ist, von denen jedes eine Vielzahl von AusstoBdusen aufweist, und 
die mehreren Chipelemente in einer Linie in der Anordnungsrichtung der AusstoBports der AusstoBdiisen ange- 
ordnet sind. 

27. Tintenstrahlvorrichtung nach Anspruch 1 7 oder Anspruch 23, bei der der Tlntenstrahlkopf eine Vielzahl von Chi- 
pelementen umfaBt, von denen jedes eine Vielzahl von AusstoBdusen aufweist, zur Verwendung verschiedener 
Farben oder Arten von Tinte. 

28. Tintenstrahlvorrichtung nach Anspruch 17 oder Anspruch 23, bei der der Tlntenstrahlkopf ein hochauflosender 
Kopf mit einer Vielzahl von Chipelementen ist, von denen jedes eine Vielzahl von AusstoBdusen aufweist, die in 
gleichen Intervallen angeordnet sind, und die Chipelemente gestapelt sind, wahrend sie um Abstande entspre- 
chend der Aufzeichnungsaufldsung versetzt sind. 

29. Tintenstrahlvorrichtung nach Anspruch 17 oder Anspruch 23, bei der die Schwankung der AusstoBmenge, die 
durch die individuellen Unterschiede zwischen AusstoBdusen oder AusstoBdusengruppen verursacht wird, durch 
Auslesen der DichteungleichmaBigkeit von Drucken erfaBt wird, und die Steuerung der AusstoBmenge durchge- 
fuhrtwird, um die DichteungleichmaBigkeit zu eliminieren. 



Revendlcations 

1 . Procede pour regler la quantite de liquide dechargee de la sortie (43) de chacun d'une pluralite de trajets (42) de 
liquide ayant chacun une pluralite d'eiements de transduction electrothermique (45, 46) pouvant etre attaques 
individuellement pour generer de la chaleur afin de creer une bulle pour provoquer la decharge d'un liquide depuis 
la sortie correspondante, le procede comprenant I'etape qui consiste : 

a provoquer une decharge du liquide depuis une sortie en appliquant des signaux d'attaque individuels a 
chacun de la plurality d'eiements de transduction electrothermique dans le trajet de liquide correspondant ; 

caracterise en ce que le procede comprend en outre I'etape consistant a commander les temps relatifs de 
debut d'appiication des signaux d'attaque aux elements de tranduction electrothermique de ce trajet de liquide, 
afin de rendre similaires les quantites de liquide decharge des sorties de chacun de la pluralite de trajets de liquide. 

2. Proc6de selon la revendication 1 , dans lequel un signal d'attaque consiste en une pre-impulsion (P1 ) de chauffage 
suivie, apres un temps de repos, d'une impulsion principale (P2) pour provoquer la creation d'une bulle. 

3. Procede selon la revendication 1 , dans lequel un signal d'attaque consistant en une pre-impulsion (P1) de chauf- 
fage suivie, apres un temps de repos, d'une impulsion principale (P2) pour provoquer la creation d'une bulle est 
applique a au moins I'un de la pluralite d'eiements de transduction electrothermique (45, 46) d'un trajet de liquide 
et est lui-meme soumis a une variation. 

4. Procede selon la revendication 3, dans lequel les trajets (42) de liquide se partagent toute modification du signal 
d'attaque. 

5. Procede selon la revendication 3 ou 4, dans lequel on fait varier le signal d'attaque pour modifier au moins I'un du 
temps d'appiication de la pre-impulsion (P1) ou de la longueur du temps de repos. 

6. Procede selon i'une q uelconque des revendications precedentes, dans lequel une pluralite desdits trajets de liquide 
torment une unite et la quantite de liquide decharge est commandee sur une base unite par unite. 

7. Procede selon Tune quelconque des revendications 1 a 6, dans lequel ledit liquide est de I'encre. 
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8. Procede pour attaquer une tete a jet d'encre en utilisant un procede selon la revendication 1 pour decharger, en 
tant que liquide, une encre. 

9. Procede pour attaquer une tete a jet d'encre selon la revendication 8, comprenant en outre les etapes qui 
5 consistent : 

a executer une premiere commande pour appliquer des signaux d'attaque, formes chacun d'une impulsion 
principale (P2) pour generer de la chaleur pour la creation de bulles afin de provoquer une decharge de liquide 
depuis le gicleur de decharge ; d'une pre-impulsion (P1) precedant I'impulsion principale pour produire un 
10 chauffage qui n'est cependant pas suffisamment intense pour creer des bulles quelconques ; et d'un temps 

de repos entre I'impulsion principale et la pre-impulsion, aux elements de transduction electrothermique afin 
de faire varier le signal d'attaque ; 

a executer une seconde commande pour faire varier le temps relatif d'application des impulsions principales 
aux elements de transduction electrothermique des gicleurs de decharge ; 
15 & supprimer une variation de la quantite d'encre dechargee provoquee par des modifications de la temperature 

de I'encre au moyen de I'une de ladite premiere commande et de ladite seconde commande ; et 
a supprimer une variation de la quantite de liquide decharge entre des gicleurs de decharge au moyen de 
Tautre de ladite premiere commande et de ladite seconde commande. 



20 10. Procede pour attaquer une tete a jet d'encre selon la revendication 9, dans lequel une modification dudit signal 
d'attaque lui-meme est realisee en modifiant I'un de la pre-impulsion (P1) et du temps de repos. 

11. Procede pour attaquer une tete a jet d'encre selon la revendication 9, dans lequel la suppression de la variation 
de la quantite dechargee par une variation du temps relatif d'application de I'impulsion principale (P2) est effectuee 

25 par groupe de chacun d'une pluralite de groupes de gicleurs de decharge ou par gicleur (43) de decharge. 

12. Procede pour attaquer une tete a jet d'encre selon la revendication 9, dans lequel I'une de la premiere commande 
et de ladite seconde commande est executee pour supprimer toute variation de la quantite dechargee provoquee 
par des modifications de ladite temperature, et pour supprimer toute variation de la quantite dechargee provoquee 

30 par des differences individuelles entre ledit gicleur de decharge (43) ou des groupes de gicleurs de decharge 

lorsque la temperature detectee a partir de la tete est comprise dans une plage d'une temperature de consigne 
specifique, et pour supprimer toute variation de la quantite dechargee provoquee par une modification de la tem- 
perature de I'encre en combinant ladite premiere commande et ledit second moyen de commande lorsque ladite 
temperature detectee depasse la temperature de consigne specifique. 

35 

13. Procede pour attaquer une tete a jet d'encre selon la revendication 9 ou la revendication 12, dans lequel deux 
elements (45, 46) de transduction electrothermique sont prevus pour chacun des gicleurs de decharge (43), et 
lesdits deux elements de transduction electrothermique sont agences de facon a etre adjacents I'un a Tautre dans 
la direction coupant la direction d'ecoulement de I'encre vers ledit gicleur de decharge, et les temps d'application 

40 des impulsions principales (P2) appliquees auxdits deux elements de transduction electrothermique sont decales 

I'un par rapport a I'autre. 

14. Procede pour attaquer une tete a jet d'encre selon la revendication 9 ou la revendication 12, dans lequel deux 
elements (45, 46) de transduction electrothermique sont prevus pour chaque gicleur de decharge (43), et les deux 

<5 elements de transduction electrothermique sont agences de facon a etre adjacents I'un a I'autre dans la direction 

coupant la direction d'ecoulement de I'encre vers ledit gicleur de decharge, et sont agences avec un decalage 
relativement dans la plage de la longueur dudit element de transduction electrothermique dans la direction d'ecou- 
lement de I'encre, et le positlonnement temporel relatif desdltes impulsions principales (P2) appliquees a chacun 
des deux elements de transduction electrothermique est amene a etre decale. 

50 

1 5. Procede pour attaquer une tete a jet d'encre selon la revendication 9 ou la revendication 12, dans lequel un reglage 
de la temperature est effectue pour chauffer ladite tete a jet d'encre afin de permettre a sa temperature d'atteindre 
une temperature de consigne specifique lorsque la temperature detectee de la tete est inferieure a la temperature 
de consigne, et lorsque la temperature detectee de la tete depasse la temperature de consigne, une commande 

55 est executee pour supprimer la quantite dechargee a la suite d'une modification quelconque de la temperature de 

I'encre correspondant a la quantite de laquelle la temperature detectee depasse la temperature de consigne. 

16. Procede pour attaquer une tete a jet cTencre selon la revendication 15, dans lequel le signal d'attaque appliqu6 
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auxdits Elements (45, 46) de transduction electrothermique est forme d'une pre-impulsion (P1 ) de chauffage, d'un 
temps de repos pendant lequel aucune impulsion n'est appliquee, et d'une impulsion principale (P2) pour la creation 
d'une bulle. 

5 17. Appareil a jet d'encre pourvu d'une tete a jet d'encre equipee de plusieurs gicleurs (43) ayant chacun une pluralite 
d'elements (46, 46) de transduction electrothermique pouvant etre attaques individuellement pour generer de la 
chaleur afin de creer une bulle pour provoquer une decharge d'encre, I'appareil comportant : 

un moyen de stockage de donnees destine a stocker des donnees de correction pour corriger une variation 
10 quelconque de la quantite dechargee entre les gicleurs de decharge et entre des groupes de gicleurs de 

decharge ; 

un moyen d'attaque destine a appliquer des signaux d'attaqueconformement a des donnees d'enregistrement, 
chaque signal d'attaque etant forme d'une impulsion principale (P2) pour permettre aux elements de trans- 
duction electrothermique de generer de I'energie thermique par gicleur de decharge pour la creation d'une 
15 bulle, d'une pre-impulsion (P1) de chauffage precedant I'impulsion principale, la pre-impulsion n'etant pas 

suffisamment intense pour creer des bulles quelconques, et d'un temps de repos entre I'impulsion principale 
et la pre-impulsion ; et 

caracterise par : 

20 

un moyen de commande destine a effectuer une premiere commande pour modifier les conditions de ladite 
application d'une pre-impulsion conformement aux donnees stockees dans le moyen de stockage de donnees, 
et egalement pour effectuer une seconde commande afin de decaler les temps relatifs de debut d'application 
des impulsions principals aux elements de transduction electrothermique associes a des gicleurs de dechar- 
25 ge. 

18. Appareil a jet d'encre selon la revendication 17, comprenant en outre un moyen de detection des temperatures 
destine a detecter les temperatures de ladite tdte a jet d'encre, dans lequel la premiere commande est effectuee 
conformement aux resultats de la detection par ledit moyen de detection des temperatures afin de supprimer toute 
30 variation de la quantite dechargee provoquee par des modifications de ia temperature de I'encre, et la seconde 

commande est execute e conformement aux donnees stockees dans le moyen de stockage de donnees pour 
supprimer toute variation de la quantite dechargee provoquee par des differences individuelles entre les gicleurs 
de decharge (43) ou les groupes de gicleurs de decharge. 

35 19. Appareil a jet d'encre selon la revendication 17, comprenant en outre un moyen de detection des temperatures 
destine a detecter des temperatures de ladite tete a jet d'encre, dans lequel ladite seconde commande est effectuee 
conformement aux resultats de la detection par ledit moyen de detection des temperatures pour supprimer toute 
variation de la quantite dechargee provoquee par des modifications de la temperature detectee de I'encre, et la 
premiere commande est executee conformement aux donnees stockees sur ledit moyen de stockage de donnees 

40 pour supprimer toute variation de la quantite dechargee qui est provoquee par des differences individuelles entre 

les gicleurs de decharge (43) ou des groupes de gicleurs de decharge. 

20. Appareil a jet d'encre selon la revendication 17, comprenant en outre un moyen de detection des temperatures 
destine a detecter des temperatures de ladite tete a jet d'encre, dans lequel ladite premiere commande est exe- 

45 cutee conformement au resultat d'une detection lorsque le resultat de la detection par ledit moyen de detection 

de temperatures est compris dans la plage ayant une limite superieure specifique pour supprimer toute variation 
de la quantite dechargee suivant des modifications de ladite temperature de I'encre, et ladite seconde commande 
est executee conformement aux donnees stockees sur ledit moyen de stockage de donnees pour supprimer toute 
variation de la quantite dechargee provoquee par les differences individuelles entre des gicleurs de decharge (43) 

50 ou des groupes de gicleurs de decharge, et lorsque le resultat d'une detection par ledit moyen de detection de 

temperatures depasse ladite limite superieure specifique, la partie augmentee de la quantite dechargee est sup- 
primee par I'utilisation de la puissance de commande restante de ladite seconde commande correspondent a la 
quantite dont la temperature detectee depasse (a limite de temperature superieure. 

55 21. Appareil a jet d'encre selon la revendication 17, comprenant en outre un moyen de detection des temperatures 
destine a detecter des temperatures de ladite tete a jet d'encre, dans lequel la seconde commande est executee 
conformement au resultat d'une detection lorsque le resultat d'une detection par ledit moyen de detection de tem- 
peratures est compris dans la plage ayant une limite superieure specifique pour supprimer toute variation de la 
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quantity dechargee suivant des modifications de la temperature de Pencre, et la premiere commande est executee 
conformement aux donnees stockees sur ledit moyen de stockage de donnees afin de supprimer toute variation 
de la quantite dechargee provoquee par les differences individuelles entre des gicleurs de decharge (43) ou des 
groupes de gicleurs de decharge, et lorsque le resultat d'une detection par ledit moyen de detection de tempera- 
5 tures depasse ladite limite superieure specifique, la partie accrue de la quantity dechargee est supprimee par une 

utilisation de la puissance de commande restante de la premiere commande correspondant a la quantite dont la 
temperature detectee depasse la limite de temperature superieure. 

22. Appareil a jet d'encre selon la revendication 17, comprenant en outre un moyen de detection de temperature 
io destine a detecter les temperatures de ladite tete a jet d'encre, dans lequel un moyen chauffant est prevu pour 

chauffer ladite tete a jet d'encre, et lorsque la temperature detectee par ledit moyen de detection des temperatures 
est inferieure a une temperature de consigne specifique, un reglage des temperatures est effectue par ledit moyen 
chauffant pour permettre a la temperature detectee de la tete a jet d'encre d'atteindre ladite temperature de con- 
signe. 

15 

23. Appareil a jet d'encre selon la revendication 17, comprenant en outre un moyen de detection de temperatures 
destin6 a detecter des temperatures de ladite tete a jet d'encre, dans lequel ledit moyen de commande est agence 
de facon a decaler le temps d'application du signal d'attaque entre les elements (45, 46) de transduction electro- 
thermique par gicleur (43) de decharge ou par groupe de gicleurs de decharge conformement au resultat d'une 

20 detection par le moyen de detection de temperatures, et aux donnees qui sont stockees dans ledit moyen de 

stockage de donnees. 

24. Appareil a jet d'encre selon la revendication 17 ou la revendication 23, dans lequel deux elements (45, 46) de 
transduction electrothermique sont prevus par gicleur (43) de decharge, et sont agences de facon a etre adjacents 

25 |'un a I'autre dans la direction coupant la direction d'ecoulement d'encre vers ledit gicleur de decharge, et les temps 

relatifs d'application des impulsions principales a chacun des deux elements de transduction electrothermique 
sont amenes a varier. 

25. Appareil a jet d'encre selon la revendication 17 ou la revendication 23, dans lequel deux elements (45, 46) de 
30 transduction electrothermique sont prevus par gicleur (43) de decharge, et sont agences de f aeon a etre adjacents 

Pun a I'autre dans la direction coupant la direction d'ecoulement d'encre vers ledit gicleur de decharge, et sont 
agences avec un decalage Pun par rapport a I'autre dans la longueur dudit element de transduction electrother- 
mique dans la direction d'ecoulement de Pencre, et le temps d'application desdites impulsions principales (P2) a 
chacun desdits deux elements de transduction electrothermique est decale. 

35 

26. Appareil a jet d'encre selon la revendication 1 7 ou la revendication 23, dans lequel ladite tete a jet d'encre est une 
tete allongee constitute d'elements a puces, ayant chacun une pluralite de gicleurs de decharge, et lesdits ele- 
ments a puces sont agences suivant une ligne dans la direction d'agencement des orifices de decharge desdits 
gicleurs de decharge. 

40 

27. Appareil a jet d'encre selon la revendication 1 7 ou la revendication 23, dans lequel ladite tete a jet d'encre comporte 
une pluralite d'elements a puces, ayant chacun une pluralite de gicleurs de decharge, pour Putilisation de diff erentes 
couleurs ou de diff 6 rents types d'encre. 

*s 28. Appareil a jet d'encre selon la revendication 1 7 ou la revendication 23, dans lequel ladite tete a jet d'encre est une 
tete a haute definition comportant une pluralite d'elements a puces, ayant chacun une pluralite de gicleurs de 
decharge agences a des intervalles egaux, et lesdits elements a puces sont empiles tout en etant decales de pas 
correspondants a la definition d'enregistrement. 

so 29. Appareil a jet d'encre selon la revendication 17 ou la revendication 23, dans lequel la variation de la quantite 
dechargee provoquee par la difference individuelle entre des gicleurs de decharge ou des groupes de gicleurs de 
decharge est detectee par une lecture de Pinegalite de densite des copies imprimees, et le reglage de la quantite 
dechargee est effectue pour eliminer Pinegalite de la densite. 

55 
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